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REMARKS ON ACCEPTANCE OTF 


June, 


NoRMAN ASHTON, 


THE PROCTOR MEDAL AWARD 
1957 
M.R.C.P., M.R.C.S. 


London, England 


Of all the honors to be gained in ophthal- 
mologic research in this country, the Proctor 
Award is the most highly prized, and justly 
so, for its recipient is selected from a group 
of workers that can boast increasingly fine 
achievement, and the names of those elevated 
to this aristocracy through the years have 
added much luster to the medal. Who then 
would not feel overwhelmed on receiving 
such an honor? Certainly I do. But it would 
be foolish t deny my pleasure in this good 
fortune or my pride in being the first non- 
and I thank 


you with all my heart for your kindness. 


American to receive the reward, 


As a pathologist in a world of ophthalmol- 
ogists, | have been generously and warmly 
welcomed, so it is with some shame that | 
recall the misgivings I had on leaving gen- 
eral pathology eight years ago. In my igno- 
rance it seemed that the eye was quite inade- 
quate a structure to provide a life’s work in 
pathology, especially since the subject had 
apparently been thoroughly explored for a 
century or so by clinicians in their spare 
time. Nor may I say were these misgivings 
entirely on my side! But in pathology the 
emphasis on descriptive morbid anatomy 
(“collecting butterflies” as Professor Cam- 
eron Calls it) is diminishing and the modern 
pathologist is no longer content to speak of 
gross appearances, such as “sago spleen” or 
“nutmeg liver,” but searches rather for the 
explanation of abnormal function, and in so 
cellular 


doing has moved into a cosmos 


where the cell itself must be dissected. To 
all the old techniques of investigation have 
been added a myriad of new ones, and, in 
one 


exploiting them, a single cell—or even 


of its organelles—could provide a life-time 
study. How rich then is the eye in opportun- 


ity, containing as it does so many types of 


cell and so many specialized structures of its 


own, arranged with such nicety that patho- 
logic changes may be seen, both in vivo and 
in vitro, with greater clarity than in almost 
any other tissue. So rich is this field that 
there is a danger of dissipating one’s effort 
down a dozen attractive pathways and for 
myself I find the greatest difficulty in select- 
ing the particular problems upon which to 
concentrate. 

Indeed there is so much work to be done 
that it would be better if as a profession we 
spent less time writing in journals and talk- 
ing at meetings, but on a special occasion like 
this perhaps I, a particular offender, may be 
forgiven for luxuriating in the space you 
have provided by contemplating the future 
of the subject in which | have been so 
signally honored. 

Ocular pathology has always been an eso- 
teric learning, pigeonholed as it were in the 
orbit and held sacrosanct by the foreign 
language of its terminology, so that to be- 
come versed in it is as much a linguistic as a 
pathologic exercise. It is a branch of knowl- 
edge created by ophthalmologists in the un- 
hurried days before the First World War, 
and, like their contemporaries in general 
pathology, their contributions were mainly 
descriptive in character. And what excellent 
contributions they were! The perfection of 
the classical papers and the beauty of the 
illustrations are still a matter of wonder and 
admiration. Those halcyon days, however, 
are over and it is debatable whether the prac- 
tice of ocular pathology should continue 
solely as a part-time occupation of persons 
trained primarily as clinicians. 

If in the future, eye pathology is to be 
taught and practiced in the traditional way, 
as an elaborate recording of histologic minu- 
tia, then the subject is not too demanding 
and may well be undertaken as a part-time 


6 NORMAN 


pursuit, and probably best by the ophthal- 
mologist who is most able to extract the full 
clinical value from the findings. But if the 
study of ocular pathology is to have its full 
meaning, the eye must be regarded as a unit 
of an entire organism, and its behavior in 
disease must as far as possible be related to 
that of the whole. Research in this field, in 
common with the general tendency, should 
itself with 
rather than with disease patterns, and for 


concern disease mechanisms 
this purpose the widest possible knowledge 
of pathologic processes is desirable and the 
whole armamentarium of modern scientific 
method should be available. To establish ocu- 
lar pathology on this broad basis will demand 
the full and concentrated attention of work- 
ers trained and experienced in the appro- 
priate disciplines. 

By now you will be suspecting that I am 
about to claim that the most suitable persons 
to be in charge of this work are full-time 
pathologists. So I am. But it would be most 
forgetful of the help I have personally re- 
ceived from ophthalmologists, and indeed 
most insensitive on an occasion such as this, 
to suggest that the future of ocular pathol- 
ogy lies solely with the pathologist. Clearly 
the department of ocular pathology would 
suffer considerably if deprived of clinical 
experience, but it seems to me that there are 
at least three ways in which this could still 
be available. 

First, through the provision of facilities 
for senior clinicians to work in the labora- 
tory on problems in which they are particu- 
larly interested; secondly through part-time 
or full-time posts for younger clinicians 
working on a thesis or collaborating in re- 
search, and thirdly through contact with 
postgraduate students or visitors attending 
the laboratory for study. In short, ocular 
pathology is best carried out by close co-op- 
eration between the clinician and the labora- 
tory worker, but the emphasis I think should 
be upon pathology and not upon the eye. 
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The work from my own department which 
you have so kindly thought worthy of recog 
nition derives entirely from this system. On 
the pathologic side there are, or have been 
until recently, Dr. Hugh Greer (now direc- 
tor of pathology at the Melbourne Eye and 
Ear Hospital), Dr. Charles Smith (now 
head of a trachoma unit), Dr. Patrick Scho- 
field, Dr. William Dr. 
Christopher Pedler. On the ophthalmologic 


Henderson, and 


side there are Mr. Charles Cook, Mr. Ken- 


neth Wybar, Mr. Redmond Smith, Mr. 
Trevor-Roper, and Mr. Geoffrey Serpell 
and Mr. Basil Ward (now in Australia). 


To all these excellent enthusiasts, each out- 
standing in his own way, I am deeply in 
debted, and were it not lése majesté to de- 
face the Proctor Medal it should in justice 
be divided among us. 

Pulvertaft, 
pathology as a student, gave me this advice 
when I set off for the Institute of Ophthal- 
mology in 1948. “Never talk dud ophthal- 
mology to pathologists or dud pathology to 
This pithy counsel has 


Professor who taught me 


ophthalmologists.” 
been my watchword, nor do I believe that 
with both specialists on my doorstep, would 
I have the courage to deviate from it. 

I shall carry the medal home to London as 
a trophy to share with my colleagues at the 
Institute, and particularly with those of my 
own department who have so greatly contrib- 
uted to the work cited for ‘the award. In 
conclusion I would especially like to ac- 
knowledge my indebtedness to Sir Stewart 
Duke-Elder, director of the Institute, who 
has always encouraged and helped me in 
every way, to the late Mr. Eugene Wolff 
who taught me the elements of ocular path- 
ology, to Mr. Charles Cook who has worked 
with me from the beginning, and lastly to 
Mr. George Knight, the chief technician, and 
Miss FitzGerald, the secretary of my depart- 
ment, whose loyalty and selfless devotion to 
their work have been of 
to me personally. 


inestimable value 


RETINAL VASCULARIZATION IN HEALTH AND DISEASE 


Proctor AWARD LECTURE OF THE 


NORMAN 


ASSOCIATION FOR RESEARCH 


IN OPHTHALMOLOGY 


ASHTON 


London, England 


It was my intention to speak today on the 
whole problem of new vessel formation in 
the eye, but owing to several new observa- 
tions made in my department just before | 
left, which I would like to report to you, 
it will be necessary to confine my remarks 
to vessel growth in the retina 

The nature of the stimuli which excite and 
direct the growth of blood vessels into the 
both cir 
cumstances, is 
direct result of laboratory studies of retro- 


retina, in normal and abnormal 


as yet unknown, but as a 
lental fibroplasia we have been inundated 
of 


It is imperative to arrange this 


with a mass new iso 


lated facts 
knowledge in some sort of order, and a few 


and apparently 


broad generalizations appear to be justified 
on the data at present available, but they 
should not be regarded as rigid conclusions 
until the facts are incontrovertible, and that 
cannot at present be claimed. I present them 
to show the direction in which our experi 
mental results are leading us and to provide 
working hypotheses to knit scattered obser 
vations together as a guide, and possibly a 
stimulus, to future research 


NORMAL RETINAL VASCULARIZATION 


The mode of development of the human 


retinal circulation has been known for many 


years and need not be described here, but 


there is one feature which until recently 


has not been recorded. It has always been 
taught that the retinal vessels bud out as 
fully 
retinal artery at the disc, 


tinuous with the hyaloid artery during the 


formed capillaries from the central 
where it is con- 
fourth month of intrauterine life: one bud 
appears from the upper side and one from 
the lower side, which then out into 
the nerve-fiber layer of the retina (fig. 1). 

The feature which has only recently been 


grow 


appreciated, however, is that these vascular 
buds are preceded and accompanied by clus- 
ters of undifferentiated ( Ashton, 
1954"), presumably mesenchymal elements 


cells 


derived from the vessel wall. They may 
readily be identified with PAS stain as they 
contain PAS-positive granules—identified as 
glycogen 1954)—which 
sent in endothelial cells. They always lie at 


( Serpell, are ab- 
the periphery of the advancing vessels as a 
spearhead of the ingrowth. 

Whether these mesenchymal cells are re- 
sponsible for the formation of the whole 
retina! vasculature, or only those elements, 
such as muscle and connective tissue which 
cannot derive from endothelium is_ not 
known with certainty. It is interesting that 
in retrolental fibroplasia wherein the blood 
vessels proliferate abnormally, these cells 
are similarly affected, and may play an im- 
portant role in the subsequent formation of 
fibrous bands in the vitreous. 


Fig. 1 (Ashton). Injected retina from a 20-week 
fetus viewed from one side. Above and below the 
hyaloid artery, vessels may be seen budding into 


the retina. (<20.) 


i 
4 
\ 
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Fig. 2 (Ashton). Injected retina from a one- 
day-old kitten, showing capillary development from 
the veins, which occurs predominantly from the 
side of the vein remote from the artery. There 
is a capillary-free zone around the arteries. (x 33.) 


The recent studies of 


Michaelson (1948 a and b), particularly in 


comparatively 


man, the rat, and cat, by providing new ob- 


servations and by emphasizing old ones 
have been of great value in indicating the 
general principles involved in normal retinal 
vascularization. He showed that the forma- 


tion of retinal capillaries is pre-eminently a 


( 


Fig. 3 (Ashton) 
with India ink to 
around the artery. (x 105.) 


Adult human retina injected 


show the capillary-free zone 


function of the retinal veins and that if a 


vein and close to each other, 


growth takes place predominantly from the 


artery are 


side of the vein remote from the neighboring 
artery (fig. 2). He pointed out the capillary- 
free zone existing around the arteries, both 
in the immature and in the mature retina 
(fig. 3), a feature previously depicted by 
Leber (1903). 

To Michaelson these anatomic facts were 
clearly associated with each other and sug- 
gested to him the presence in the retina of a 
vasoformative factor, possibly biochemical 
in nature, which was present in gradients 
of concentration differing in arterial and 
venous neighborhoods. He did not speculate 
further upon the nature of this factor, but 
quite clearly the pattern of vascular growth 
very strongly suggests its possible associa- 
tion with the level of oxygen tension within 
the tissues. 

Indeed, the only adequate explanation of 
all the observed features of vessel growth 
and architecture in the normal retina is that 
a vasoformative factor—simple or complex 

arises in areas of lower oxygen tension, 
but not in areas of higher oxygen tension. 
Thus it becomes apparent why vessels in 
vade the developing retina at the 100-mm. 


Stage as the choroid fails to meet its in- 


creased oxygen requirements; why growth 
is predominantly on the venous side; why 
there is a peri-arterial capillary-free zone ; 
and why vessels never transgress, despite the 
absence of an anatomic barrier, the macula, 
the outer layers, or the periphery of the 
retina which are adequately oxygenated 
from the choriocapillaris. 

These conclusions, however, are no more 
than speculative deductions from anatomic 


shall 


perimental work which more fully explores 


observations and | now consider ex- 


the hypothesis. 
EXPERIMENTAL STUDIES 
The idea that vascular morphogenesis in 


the retina may be related to oxygen was 
first expressed in the literature by Campbell 


8 

= 

Nas 
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(1951), who tested the hypothesis by plac- 
ing one-day-old rats in a low-pressure en- 
vironment, and made the important observa- 
tion that the capillary-free zone around the 
arteries became significantly narrower than 
in control animals. The converse of this find- 
ing, that raised oxygen tensions lead to 
widening of the capillary-free zone, we dem- 
onstrated (fig. 4) later when investigating 
the effect of hyperoxia on the retina of the 
kitten 1954). 

There would thus appear to be two clearly 


(Ashton et al., 


defined processes in retinal vascular growth ; 
one of inhibition, as evidenced by vaso- 
obliteration occurring in high oxygen con- 
centrations, and one of stimulation, as evi- 
denced by vasoproliferation occurring in low 
oxygen concentrations. The two processes, 
however, are not perfect mirror images of 
each other, for whereas in vasoproliferation 
both the normal and abnormal forms appear 
to be due to a similar mechanism, vaso-ob- 
literation cannot be regarded simply as an 
extension of the normal periarterial capil- 


lary-free zone, for this is a region into which 


vessels have never grown and cannot, there- 
fore, have been obliterated. Thus vaso-ob- 
literation probably does not exist as a normal 
mechanism. 

Since the data relating to these two proc- 
esses are extremely intricate I shall consider 
them separately. 

1. VASO-OBLITERATION 

That oxygen in high concentrations can 
produce a partial or total obliteration of the 
retinal vessels in the immature eye was dis- 
covered about four years ago in experiments 
on the kitten (Ashton et al., 1953) and much 
has been learned about the phenomenon since 
that time. It commences as a marked con- 
striction of the arteries and arterioles; the 
arterioles and arterial side of the capillary 
circulation are the first vessels to obliterate ; 
this is followed by disappearance of the 
whole capillary bed; then the main arteries 
and finally the main veins close, leaving an 
apparently avascular retina. 


ULARIZATION 


Injected retina from an 18- 
Vaso-ob- 


(Ashton). 
subjected to hyperoxia. 
its early stages and is seen to 


Fig. 4 
day-old kitten 
literation is in 
begir as a widening of the peri-arterial capillary- 
free zone. ( x33.) 


Injected specimens show that in general 
this process begins peripherally and spreads 
posteriorly, the disc region being the most 
resistant and the last area to be completely 
obliterated. It should be realized, however, 
that injected specimens do not reveal the 
degree of closure of the vessels in life, but 
only their ability to re-open when injected. 
This distinction is important, because it 
means that vaso-obliteration can only be 
studied accurately by direct observation in 
the living animal. 

This phenomenon is confined to the grow- 
ing retinal vessels, occurring neither in the 
other vessels of the eye nor in those of other 
organs (Ashton et al., 1954; Patz, 1954); 
nor in growing vessels as observed in the 
rabbit cornea (Ashton and Cook, 1954; 
Michaelson et al., 1954), nor in the rab- 
bit’s ear-chamber (Ashton and Cook, 1954) ; 
nor in chick embryos; nor in cat or rat 
embryos (Ashton, 1954b). Nor indeed does 
it occur in the retina itself, when it becomes 
detached from the choroid. 

As shown by injections, the severity of the 
vaso-obliterative effect of oxygen is in- 
versely proportional to the maturity of the 
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TABLE 1 
SUMMARY OF EXPERIMENT 


A. 1 4 10 In 15-day-old retina 
B. 10 15 10 In 35-day-old retina 


retinal vessels and, once the circulation is 
fully established and the normal vascular 
architecture attained, oxygen fails to pro- 
duce significant obliterative changes. Oxy- 
gen thus has no structural effect on the ves- 
sels of the adult cat, and recent experiments 
suggest that this is due, at least in part, 
to a change in the retinal metabolism. 

It was possible, for instance, by exposing 
kittens of differing ages to varying periods 
of oxygen, to obtain, on transfer to air, 
vasoproliferations in retinas of an age nor- 
mally sensitive to oxygen, and vasoprolifera- 
tions in retinas of an age normally insensi- 
tive to oxygen (table 1). Re-oxygenation 
showed that these abnor- 
mal proliferations occurred only in the first 


obliteration of 


group. This demonstrates in a rather strik- 
ing way that vaso-obliteration may be the 
outcome of an interaction between oxygen 
and retinal metabolism and not a peculiar 
reaction of growing retinal vessels them- 
selves (Ashton, 1956). 

occurs in 


Vaso-obliteration two phases, 


immediate and delayed. An immediate ef- 
fect, consisting of severe constriction of the 
large vessels with obliteration of the capil- 


laries, develops after five minutes’ exposure 
to hyperoxia. The vessels then dilate again 
after about 10 minutes and so remain, al- 
though in continuous oxygen, for about six 
hours when the delayed effect comes into 
operation. This results in a gradual total 
vaso-obliteration and once it is achieved the 
circulation may be either opened or closed, 
in each case in about five minutes, by alter- 
nating air and oxygen. But after longer 
periods the process gradually becomes irre- 
versible and at the end of three days the 
vessels seem to have largely disappeared 


although their remnants can be made out in 
flat preparations and in sections. The time 
relationships of these changes suggest that 
oxygen is inhibiting or poisoning an enzyme 
system vitally concerned in the maintenance 
of the vessels’ patency. 

In considering the possible mechanisms 
involved one could first postulate the elabo- 
ration of a vasoconstrictor substance. It 
would, however, be difficult to imagine upon 
what cells in such a primitive vascular sys- 
tem it could act, especially since known vaso- 
constrictors do not obliterate growing retinal 
vessels, nor is sympathetic innervation con- 
Cook 
and Ashton, 1955). Furthermore, extracts of 


cerned in the mechanism ( Patz, 1955; 


retinas in which vaso-obliteration had been 
induced (extracts prepared in high ambient 
concentrations of oxygen) have been found 
to have no effect when injected via the vitre- 
ous onto normal retinas in direct-observation 
experiments on the living animal (Ashton 
1957). Nor did such extracts 


and Pedler, 


show any evidence of a smooth muscle 
stimulant as tested against preparations of 
rat colon in two experiments (Dr. N. Am 
bache kindly carried out these tests on the 
extract with which he was provided). 
Secondly one could postulate the removal 
of a vasodilator substance inherent in the 
vasoformative process. It is noteworthy, 
however, that for growing vessels to be ob- 
literated by hyperoxia it is essential for 
them to be actually within the retinal tis- 
sue ; developing vessels within the vitreous, 
on the iris, or in the cornea are not affected 
in this If oxygen produced vaso- 
obliteration merely by neutralizing a vaso- 


to under- 


way. 


formative substance it is hard 


stand why it should be so remarkably selec- 
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tive. It is a difficult question to investigate 
and we have no conclusive evidence either 
to deny or to support the possibility. 
Thirdly, one must consider that the ves- 
sels may close through external pressure. An 
increase of intraocular pressure as a result 
of hyperoxia has been excluded, but could 
the process of vaso-obliteration be partly or 
wholly due to swelling of the cells surround- 
ing the blood stream? 
Although it is known that endothelial 
cells have the property of swelling when 
(Krogh, 
them 


vaso-obliteration does not 


subjected to irritating stimuli 
1929), we 


oxygen 


can probably exonerate 
here as 
occur in growing vessels outside the retina. 
Swelling of the retinal tissue, however, re- 
mains a possibility, and, in considering one 
of the ways in which this might theoretically 
occur, we were led to some new and interest- 
ing findings. The hypothesis upon which our 
experiments were based was as follows. 
Until recently it has been the orthodox 
view that the cells of the body are in osmotic 
equilibrium with their extracellular environ- 
ment, that is, their contents are isotonic with 
the blood plasma. It would now appear that 
this is the exception rather than the rule 
(Bartley et al., 1954); in 
estimated that the osmotic pressure of the 


fact it has been 


cell fluids is normally 50 to 100 percent 


greater than that of the extracellular fluid 
(Robinson, 1950). If these findings are sub- 


the idea of the osmotic equi- 


librium being governed solely by the physi- 


stantiated, 


cal properties of cell membranes would no 
longer be tenable, and it would be necessary 
to postulate that the water content of the 
cell, and therefore the cell size, is dependent 
upon some dynamic process involving a con- 
tinuous supply of energy. 

That this concept of osmoregulation may 
be correct is suggested, for instance, by the 
ability of some cells of the renal tubules 
to maintain a normal internal environment 
despite the variable tonicity of the urine 
which bathes them. In fact, this considera- 
tion led Robinson (1950) to investigate the 
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behaviour of tissue slices cut from the kid- 
neys of normal adult rats. By measuring 
the oxygen consumption and the amount of 
water in the tissues under varying condi- 
tions, he found that respiration was more 
important than the osmotic pressure of the 
external media in determining the amount of 
water in the cells. When respiration was in- 
hibited by cyanide, water passed into the 
cells. In short, the energy for the transport 
of water across the cell membrane was in 
this case derived from cell respiration. It is 
interesting to note in his experiments that 
the imbibition of water was a rapid process, 
being almost complete in two minutes and 
then maintained for several hours. 

It has been suggested that this steady- 
state exchange depends on energy-driven 
the 


these structures when isolated from the cell 


“pumps” located in mitochondria, as 
can be shown to do osmotic work by mov- 
ing substances against concentration gradi- 
ents (Bartley et al., 1954). Although there 
is not complete agreement on the existence 
of these pumping mechanisms, it having 
been denied that the cell is significantly 
hypertonic, and claimed that cellular swelling 
is isosmotic in nature (Mudge, 1956), the 
cardinal point that tissue cells swell when 
placed in an environment where the metabo- 
lism is inhibited is not in question. 

Some years ago Trowell (1946) showed 
that liver cells when subjected to anoxia 
increased in size due to the passage of water 
into the cells. This process he described as 
“intracellular edema,” although in this in- 
stance he did not attribute it to osmotic ab- 
sorption. 

Returning now to the retina, it will be 
recalled that it has the highest rate of res- 
piration of any tissue (Warburg, 1927) and 
a higher rate of glycolysis in air than most 
other tissues. As early as 1924 it had been 
suggested by Warburg et al., that the vari- 
ous layers of the retina possessed their own 
peculiar metabolism, some of the cells being 
responsible for the high glycolytic activity, 
while the others were almost completely 
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oxidative in character. This suggestion was 
later strongly supported by other workers 
(Sjostrand, 1953; Strominger and Lowry, 
1955; Lowry et al., 1956). 

In both monkey and rabbit, it would ap- 
pear that the rod and cone layer is predomi- 
nantly concerned with oxidative metabolism 
while the inner layers, especially of avascular 
retinas, as in the rabbit, are predominantly 
Now the immature 


retina, at a stage when oxygen vaso-oblitera- 


glycolytic in activity. 


tion may be obtained, differs from the ma- 
ture retina in the important respect that 
retinal vascularization is still developing, so 
that it is reasonable to suppose that the me- 
tabolism of the inner layers of such a retina 
may be predominantly glycolytic. Indeed, 
we have already deduced from our experi- 
ments that the immature retina probably 
has a metabolism differing from that in the 
mature retina. 

If such is the case it would follow that 
fluid exchanges through the walls of the 
inner retinal cells—and, therefore, the cell 
size—might be dependent upon energy de- 
rived, not from respiration, but from gly- 
colysis. With these considerations in mind 
we argued that if swelling of the cells is an 
important factor in the obliteration of retinal 
vessels by oxygen, then the inhibition of 
glycolysis by known enzyme poisons might 
also lead to vaso-obliteration. 

We are, therefore, investigating the action 
of sodium fluoride which is known to arrest 


glycolysis by inhibiting enolase through dis- 


placing magnesium from the enzyme, and it 
has been shown that this inhibition occurs 
particularly in retinal tissue (Dickens and 
Greville, 1932: Holmes, 1940; Kerly and 
Bourne, 1940; Lenti, 1940). 

By directly observing the developing ves- 
sels in the retina of the kitten through a 
limbal window, we found that sodium fluo- 
ride in isotonic solution, when injected into 
the vitreous, produced vaso-obliteration in a 
few minutes and in the same order of vessel 
closure as that seen on exposure to hyper- 
oxia. As in the case of oxygen, this effect is 
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apparently confined to the vessels of the im 
mature retina and experiments on the adult 
retina and on extraocular vessels have so 
far been negative. 

The first change noted after introducing 
the fluoride was a remarkable engorgement 
of the veins, which, as in the oxygen effect, 
the last 


appear inconsistent with a closure from ex 


were to close. These observations 
ternal compression, for one would expect 
vessels with the lower pressure to close first. 
It was most interesting to find, however, that 
their engorgement is associated with a com 
pression of the veins in the disc region 
which could well be due to an increased ten- 
the 
edema (fig. 5). The vessels rapidly re 


sion within retina from intracellular 
opened when hypertonic solutions of salt or 


sucrose were injected into the vitreous, 
which supports the notion that vessel closure 
may be due to swelling of the cellular en 
vironment. An exactly similar result may be 
obtained with isotonic solutions of iodoacetic 
acid. 

These experiments are still in their very 
early stages and are being reported in detail 
elsewhere (Ashton et al., 1957) but it is of 
interest to know that oxygen vaso-oblitera- 
tion can be so closely mimicked by other 
drugs and it is tempting to believe that the 
two processes share a common mechanism. 
Although there is little evidence that this is 
think that 


oxygen vaso-obliteration, as seen in the im 


so, | we have some indication 
mature retina, may be due, not to active 
to 


dilator, but to a passive closure from swell 


vasoconstriction or removal of a vaso- 
ing of the retinal environment; a swelling 
which theoretically could result from the in 
hibition by oxygen of some enzyme system 
upon which glycolysis depends. 

As this 


a new one, but I introduce it with the im- 


far as I am aware, concept is 
portant reservation that at present we have 
practically no direct evidence that swelling 
actually occurs in the retinal tissue after 
fluoride or oxygen exposure. Nor have we 
yet shown that the hypothetical considera- 
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Fig. 5 (Ashton). Retina showing the fluoride effect on the retinal vessels in the disc region. The disc 
and hyaloid artery may be seen on the extreme left of the picture. Note that the optic nerve fibers stand 
out distinctly, the arteries and capillaries are largely obliterated, while the vein is markedly engorged and 


constricted as it enters the disc. ( 94.) 

tions which led us to devise these experi- 
ments, namely the inhibition of glycolysis 
with a breakdown in osmoregulation, are in 
fact those operating in the fluoride effect. 
However, if future work substantiates this 
concept, it will not only have considerably 
clarified the enigma of the action of oxygen 
on the immature retina, but it will have un- 
covered a pathologic process which I feei 
sure would be important in interpreting dis- 


ease pictures in the retina. 


2. VASOPROLIFERATION 

It will be recalled that when a kitten is 
returned to air after several days in high 
oxygen, the obliterated vessels are unable 
to re-open to any satisfactory extent, and 


new vessels then invade the retina and ex- 


tend into the vitreous. Similar proliferations 
have been obtained by other workers in new- 
born mice, ratlings, kittens, and puppies 
(Patz et al., 1953; Patz, 1954; Gyllensten 
and Hellstrom, 1954). These workers, and 
others interested in the problem of retro- 
lental fibroplasia, have sought to explain 
these vascular proliferations in terms of 


oxygen poisoning leading to inactivation of 


oxidative enzymes, particularly of succinic 
dehydrogenase ; that is, they have postulated 
that the proliferations are caused by an 
anoxia which is histotoxic in type. 

On the other hand, I have always be- 
lieved that the 
results purely from obliteration of the ves- 


vasoproliferative reaction 


sels and is not in itself directly concerned 


with oxygen exposure. This distinction is 
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retina showing the 
type of vasoproliferation obtained in a more ma- 
ture kitten when oxygen vaso-obliteration is only 
peripheral. The subsequent growth of vessels is 


Fig. 6 (Ashton). Injected 


similarly located. (<23.) 


of some importance in understanding the 
general phenomenon of vasoproliferation in 
the eye, and, although the evidence is not 
yet conclusive one way or the other, my con- 
tention is supported by a number of facts. 

First, as shown by our direct-observation 
experiments, the effect of oxygen is rapidly 
reversible at a stage when the vessels are 
still able to re-open; it becomes irreversible 
only when closure of the vessels has been 
maintained for so long that the vessel walls 
have become adherent or have been absorbed. 
In other words the action of oxygen appears 
to be only inhibitory and confined to the 
actual period of exposure. On this evidence 
it would appear doubtful whether oxygen at 
atmospheric pressure can give rise to en- 
zyme-poisoning which persists on transfer 
to air, It will be recalled that in our experi- 
ments where kittens were allowed to survive 
for a year or two after total oxygen vaso- 
obliteration with reformation of the whole 
retinal vasculature, there was apparently no 
permanent impairment of vision although the 
vascular pattern was abnormal. 

Secondly, vasoproliferation is always pro- 
portionate to the degree of vaso-obliteration 


and arises from those vessels immediately 
adjacent to the obliterated areas. Thus, in the 
youngest animals where obliteration is total, 
the 


disc; in semimature animals where closure 


vasoproliferation recommences from 
is partial, vessel growth occurs from the 
unobliterated vessels in the posterior fundus ; 
and in more mature animals where oblitera- 
tion is only peripheral, the subsequent vaso- 
proliferation is similarly confined (fig. 6). 
Thirdly, when irreversible vaso-oblitera 

tion is prevented, vasoproliferation does not 
occur, although the animal be exposed to the 
same concentration and period of hyperoxia 
as in the standard experiment. For instance, 
closure of vessels can be 


permanent pre- 


vented by administering anticoagulants 
which the 


(not, incidentally, a very reliable method), 


prevent vessel walls adhering 
or by re-opening the vessels periodically by 
giving the oxygen intermittently, that is by 
returning the animal to air for one hour 
after every period of five hours’ exposure 
to oxygen. In both cases transfer to air does 
not produce vasoproliferation. Hence an es- 
the 
growth of vessels appears to be obliteration 


sential factor determining abnormal 
of the retinal vessels, and since they do not 
proliferate in oxygen but only on transfer to 
air, it follows that hypoxic conditions are 
also required. 

Taking all these facts into consideration it 
that the factor 
which stimulates the growth of vessels in 


is reasonable to conclude 
the retina is formed in hypoxic tissue, and 
it is logical to speculate that it probably 
derives from the products of anaerobic me- 
tabolism. It is as though the mechanism of 
vessel-formation were especially designed to 
ensure the drainage of these products, and at 
the same time to replace the relatively waste- 
ful process of anaerobic glycolysis by the 
more productive one of aerobic oxidation. 

It might be expected that conditions of 
generalized anoxia, as result from low oxy- 
gen-tensions in the blood, from anemia or 
cardiac failure, could directly initiate retinal 
neovascularization. This is the mechanism 
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which has been advanced to explain those 
cases of retrolental fibroplasia which had 
not received supplemental oxygen. There is, 
however, little convincing experimental evi- 
dence to support this view. Kittens, ratlings, 
and newborn mice have been exposed to low 
ambient concentrations of oxygen for long 
periods (Ashton et al., 1954; Patz, 1955; 
Gyllensten and Hellstrom, 1955) but ab- 
normal retinal vasoproliferations have not 
been produced. The important point here, | 
believe, is that although the necessary degree 
of hypoxia may be produced in the tissues, 
the efficiency of the circulation itself is not 
impaired, so that the vasoformative factor 
rapidly drains away and fails to accumulate 
to an active level. 

From studies on the immature retina there 
are thus three basic requirements for the 
stimulation of vessel growth, and each of 
these is essential: 

1. The presence of living cells to ensure 
an active metabolism. 

2. A low oxygen tension to promote anae- 
robic metabolism. 

3. A poor venous drainage to permit the 
accumulation of anaerobic metabolites, 
wherein the vasoformative factor probably 
lies, 


In the mature retina, however, it is not 


easy to arrive at such clear-cut conclusions, 


because as already deduced the metabolic 
processes apparently differ. In fact, judging 
by the rapidity with which blindness follows 
occlusion of the central retinal artery the 
inner layers of the retina at least must have 
become largely dependent upon aerobic me- 
tabolism. Theoretically it would therefore 
follow that the vasoformative factor should 
be less readily elaborated in the mature than 
in the immature retina. That this is true, at 
least in certain circumstances, can be dem- 
onstrated simply by detaching the retina 
in experimental animals. 

In the immature retina this procedure 
results in a profuse proliferation of vessels 
both outward to form a plexus of vessels 
on the under surface of the retina and in- 


ward to form vascular tufts in the vitreous. 

In the mature animal detachment is not 
followed by new-vessel formation. It is, 
that the 
stimulus is much less readily evoked in the 


therefore, clear vasoformative 


adult animal. 


VASOPROLIFERATION IN OCULAR DISEASE 


Nevertheless, as is well known, new-ves- 
sel proliferations are common features of 
several retinal diseases, so that the facility 
for elaborating the stimulus cannot be en- 
tirely lost, and it may be shown that the 
same basic requirements are as essential 
for vascular growth in the mature as in the 
immature retina. In contrast to the immature 
retina, however, intraretinal neovasculariza- 
tion in the mature retina is a rarity, although 
new-channel formation through obliteration 
and dilatation of pre-existing capillaries is 
common and has been misinterpreted as neo- 
vascularization. The vast majority of new- 
vessel formations arising from the adult 
retina extend almost immediately into the 
vitreous, either as delicate fronds of new 
vessels or in association with dense fibrous 
tissue. 

In human eye disease, Klien (1938) based 
her classification of retinitis proliferans upon 
these two types. In Type I, exudations or 
hemorrhages into the vitreous of inflamma- 
tory or traumatic origin are followed by 
connective tissue proliferation and lastly by 
vascular ingrowth. Here it may be suggested 
that the vasoformative factor arises from the 
living cells carried into the vitreous, namely 
fibroblasts, which proliferating in an avascu- 
lar tissue give rise to the necessary accumu- 
lation of anaerobic metabolites. Indeed, it is 
clear from histologic studies that the vascu- 
lar component in this type of retinitis pro- 
liferans is proportional to the cellular con- 
tent, and where the exudate is predominantly 
fibrinous there may be only a few tenuous 
vessels and sometimes even none. 

In Klien’s Type II retinitis proliferans 
there is a primary formation of new vessels 
with a secondary production of delicate con- 
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(Ashton) 


Injected human retina from 
a case of Eales’s disease showing that the intra- 
with 
vaso-obliteration in the underlying retina. (13.) 


Fig. 7 


vitreal vasoproliferations are associated 


nective tissue. This is the type of proliferat- 
ing retinitis seen typically in diabetes and 
occlusion of the central retinal vein, although 
Type I may also occur. In pathologic speci- 
have 


proliferations are always associated with 


mens | found that these intravitreal 
underlying areas in the retina of obliterated 
capillaries or obstructed veins (fig. 7). Here 
it may be suggested that the vasoformative 
factor is elaborated in the hypoxic retinal tis- 
sue, and, failing to drain away, seeps into the 
vitreous where it reaches a concentration 
sufficient to stimulate the vessels to grow in- 
ward. They are exactly comparable to the 
glomerular tufts seen in experimental and 
natural retrolental fibroplasia and, similarly, 
may disappear when the stimulus has been 
expended or removed. 


The concept of a preformed factor diffus- 
ing through the vitreous is applicable also 
to the problem of neovascularization of the 
iris. It is certainly not without significance 
that new vessels on the iris so frequently 
follow the development of retinal disease, 
wherein the pattern of vascular involvement 
provides the conditions for production of the 
vasoformative factor. Examples are: dia 
betic retinopathy, venous occlusion, Eales’s 
disease, retinal detachment, and retrolental 
fibroplasia. In all these diseases the vaso- 
formative factor may be elaborated either in 
the hypoxic retina or by fibroblasts in the 
vitreous, and be carried forward to stimulate 
the growth of vessels anteriorly. 

In central venous occlusion, Redmond 
Smith (1954) has made the interesting ob- 
servation that neovascularization at the disc 
tends to prevent vascularization at the filtra- 
tion angles, which suggests that if the vaso- 
formative factor is drained away by the 
intravitreal vessels, it cannot accumulate in 
sufficient quantity to reach the vessels in 
the anterior chamber. 

These arguments could be even further 
elaborated, but sufficient examples have been 
quoted to justify the hope that the time may 
not be far distant when the mechanism of 
vaso-obliteration will be understood and the 
nature of the vasoformative factor identified. 
It is no exaggeration to prophesy that this 
knowledge should certainly provide new ap- 
proaches in interpretation, and possibly new 
lines in treatment, of vascular diseases of the 
eye. 

Institute of Ophthalmology, 

Judd Street (W.C. 1). 
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BIOGRAPHICAL DATA 


NorRMAN AsuHuToN, M.R.C.P., M.R.C.S. 


Ashton born in London, 


England, on September 11, 1913. His adoles- 


Norman was 
cence was spent in the search for an outlet 
for his quite unusually varied talents. Even 
tually—and fortunately for ophthalmology 

in 1933 he entered King’s College, Lon- 
don, as a medical student and received his 
clinical training in the Westminster Hos- 
pital. As a medical student he is chiefly re- 
membered for his artistic tendencies; and 
today the walls of the school are hung with 
a series of cartoons of his teachers of such 
merit and so delightfully scurrilous that their 
preservation was deemed necessary; today 
his paintings in oils are seen on the walls 
of his unique house in the 13th century 
Cloisters of Westminster Abbey as well as in 
the 
regularly exhibited in the art galleries of 


Institute of Ophthalmology, and are 


Londcu. Moreover, during his graduate days 


he wrote—and the writing included the lyrics 


and the music—the annual pantomime that 
formed the social culmination of each aca- 
demic year. Incidentally, or so it seemed, 
he 
apparently being found indispensible to the 


graduated in medicine; and thereafter, 


life of the hospital and its medical com- 
munity, he completed an elaborate graduate 
training, acting for successive periods as an 
intern in the casualty department, in sur- 
gery and medicine, as well as in the depart- 
ments of pediatrics, dermatology, and vene- 
reology, to become eventually the Senior 
Resident Medical Officer of the hospital, and 
finally, in 1939, a pathologist. 

The Second World War then started and, 
in 1941, when England was expecting in- 
vasion, he went to that dangerous corner, 
the southeast coast of Kent, as blood-trans- 
fusion officer and pathologist; but as the 
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event turned out the only post-mortem ma- 
terial was provided by the local English 
(he did some 1,500 of them and escaped the 
consequences of five professional murders), 
and so he joined the Army. Posted initially 
to West Africa, he was shortly transferred 
to the Middle East where as a Lieut. Colo- 
nel, he occupied the position of officer com- 
manding the Central Pathological Labora- 
tories in this important theater. Here, in ad- 
dition to the pathology of a general military 
hospital of over 1,000 beds, he was responsi- 
ble for the pathologic services over a wide 
area, acted as referee in difficult and obscure 
cases, and undertook the training of se- 
lected medical officers and technicians in this 
specialty: as a rule he was never dealing 
with less than 60 trainees at any one time. 
Here also he carried out his first major re- 
search—on the problem of typhoid carriers 
in locally employed Egyptian food-handlers ; 
the results of this work were important and 
have been incorporated into the permanent 
practice of the army. 

Demobilized from the army in 1948, he 
rejoined his own hospital in England, but 
some months thereafter an event of some 
significance to ophthalmology occurred. At 
that time the writer was acting as obstetri- 
cian at the birth of the Institute of Oph- 
thalmology in London, and it seemed to 
him that the post of pathologist was one of 
the most crucial. He was worried about the 
general state of ophthalmic pathology, the 
steady progress of which seemed to have 
been retarded by the fact that it had always 
been served by young ophthalmologists as 
a temporary expedient while waiting for 
consulting appointments or as a side-line 
thereafter. He was looking for someone with 
a wide knowledge of general pathology, 
someone who was steeped in its philosophy 
and skilled in its techniques, who might be 
lured into ophthalmology to integrate the 
pathology of the eye with the general sci- 
ence. Ashton accepted the challenge. 

And so, in 1948, he came to a nonexisting 
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department in a newly created institute, was 
given three technicians and one small labora- 
tory, the only furniture of which were the 
cobwebs of the Moorfields traditions of a 
century and a half. Today his department 
occupies an entire floor of the institute and 
spills over onto another; it houses five full- 
time pathologists, five part-time research 
workers, 16 laboratory technicians, three 
secretaries, and there are usually three or 
four research workers from abroad, while 
the reports passing through average some 
3,000 each month. 

But the immense load of the routine work 
of a department of this size has not monopo- 
lized the energies of this converted patholo- 
gist; the bibliography printed in this issue 
indicates the immense output of original 
work that he has produced in the last eight 
years, and the good use to which he has 
put the rich that 
through his hands. It is to be remembered 


material passes daily 
that it does not include the equally impres 
sive list of work which has issued from his 
laboratory under his inspiration. This is too 
well known to require comment. We are all 
acquainted with his studies on cortisone, on 
the vascularization of the cornea, on uveitis ; 
with his singularly ingenious and beautiful 
studies on the anatomy and pathology of the 
the 


canal of Schlemm, and the aqueous veins; 


ocular circulation—the uveal vessels, 
of his experimental demonstration of the 
the of 


fibroplasia; with his researches on diabetic 


cause and prevention retrolental 
retinopathy in connection with which he first 
demonstrated the relationship between the 
renal and retinal lesions; and with a host 
of other things. These achievements have 
earned him a unique place in ophthalmic pa- 
thology; in his own country they have 
brought him the Nettleship Medal (1954), 
the Middlemore Prize (1955), and the Mem- 
bership of the Royal College of Physicians 
of London (1957); and now they have 
brought him the Proctor Medal. 


Stewart Duke-Elder. 
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AFTER-DINNER SPEECH 


NorMAN ASHTON 


London, England 


Ladies and Gentlemen: from the days of stage coaches and high- 
Here in America I know you think noth- waymen. 
ing of travelling great distances and gaily My usual travel consists of a short ride 
hop from state to state, from country to on a No. 77 bus from Westminster to our 
country, from continent to continent and Institute in Judd Street, at least it has been 
perhaps soon from world to satellite. But a bus since the aqueous flow became blocked 
in England we are perhaps not yet so fully in a certain canal. A journey to Wales for 
emancipated in this way and many of us_ instance, would be an event, to Scotland an 
still contemplate even the shortest journey exploration, and to Ireland—well dangerous. 
with at least a trace of misgiving inherited Ladies and Gentlemen, tonight, I, a Lon- 


NORMAN 


3,120 to dinner! 


have 


doner, have come miles 


Your hospitality and the meal been 
more than excellent, but this is not actually 
why I came. I am here to show you and to 
tell you how very deeply | value the tre 
mendous honor you have so generously be- 
stowed upon me. 

The Proctor Medal is the most highly 
prized award in ophthalmologic research in 


this country today, for its recipient is se 


lected from a group of workers that can 
boast increasingly fine achievement. Who 


then would not feel overwhelmed on recetyv 
ing such an honor? Certainly I do. But it 
would be foolish to deny my pleasure in this 
great good fortune or my pride in being the 
first non-American to receive the award, and 
I thank you with all my heart for your kind- 
thank Dr 
your introduction. 

For a few happy days I felt that British 


ness and | you, Thygeson, for 


ophthalmology had really got one over the 
net and that it was “our advantage.’ Then 
that Dr. Alan Woods had 
been awarded the Gonin Medal—so then it 


He is I understand 


came the news 


was “your advantage.” 
the first American to receive this 
tional distinction. I would like to take this 
opportunity of congratulating Dr. Woods 


interna- 


for whom we have a great regard and affec- 


tion—and also American ophthalmology 


upon this notable achievement. I only hope 
that Dr. Woods is not unaware of the exact 
ing condition he must first fulfil—that he 


must an address in Lausanne—in 


French. And here it is my stern duty to 


give 


warn my successors of the anxieties in store 
for them, for I feel that they should know 
that the work for the Proctor Medal really 
begins after the notification of election. The 
committee requires a biography, a bibliogra- 
phy, a photograph, a scientific address, com- 
ments on receiving the medal and—worst 
of all—an after-dinner speech. And just in 
case I should treat this matter lightly | 
was ominously informed, by way of ex- 
ample, that one of my distinguished prede- 
cessors had spoken on the “Origin of the 
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Universe.” It seemed to me that anything 
less than a discourse on the “End of the 
Universe” would hardly be acceptable. In- 
deed, standing here at this moment, I feel 
it has come. 

Have you ever tried to write your biog- 
raphy? Born in London, lived in London, 
still in London. Frankly, I couldn’t think 
what I could have been doing all those 
years. It seemed that the birth was in order 
for | found a certificate, fortunately com- 
plete in every detail, but from then on there 
was a pretty unimpressive blank, and the 
only episodes which kept recurring to me 
were not entirely appropriate to this occa- 
sion. 

The photograph—like all photographs- 
was a shock and to aid the editor had to be 
but I still 


have some fear that it might find its way into 


clearly marked “this way up,” 


the clinical section. 

And when my bibliography was complete 

in the biggest type we had and spaced 
out as much as possible—it looked almost 
rudely brief. Surely I should have done 
more than this! | must confess that I toyed 
with the idea of adding a few fictitious ref- 
erences. A title such as “Amplitude of the 
Z-wave in Aaron rods and incense cones 
of the Asiatic” 1898, Archives of Egyptian 
Neurothology, would surely not be checked. 

Fortunately this madness passed and as 
I contemplated my list of publications I be- 
gan to ask myself, not why I had written so 
comparatively little, but why I had written 
at all, or for that matter, why any of us 
write. And the problem is not a small one. 
Physicians do it, surgeons do it, some eye 
chaps do it, and even researchers in their 
labs can just do it. It has been calculated 
that nearly one million scientific articles of 
one kind or another are published each year 
and it is fascinating to find that scientific 
journals multiply like bacteria and double 
their number every 15 years. In 1750 there 
were 10 scientific journals, in 1950, 100,000 
and it is estimated that there will be 1,000,000 
in the year 2000. ( Most of us fortunately will 
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be thinking of retiring by that time.) There 
are some 5,000 medical journals and 3,000 
medical books published each year, America 
being responsible for about a third of the 
number. 

All too rarely do we reflect on the purpose 
of this vast output, which takes so much 
of our lives reading it, in order to learn and 
keep up-to-date, and so much of our time 
writing it, in order to . . . in order to what 

that is the question. 

My own teacher in pathology, Professor 
Pulvertaft, once wrote—and he has given 
me permission to steal from his article—‘“If 
you look at any medical weekly, you will 
notice that the advertisements are always 
divided into two sections. Those relating to 
homes for inebriates, night starvation, and 
quack medicine, are generally at the begin- 
ning and end of the issue. Those relating to 
Frank Pus, M.D., and his friends are in the 
middle.” 

It has to be remembered, of course, that 
this is the only form of medical advertising 
which is ethically possible and it has gradu- 
ally developed along several well-defined 
lines. Let us take removal of the liver, or 
hepatectomy, as an example. 

First, the young house surgeon—internees 
do you call them?—reporting his first case 
does so with an air of apologetic diffidence. 
He begins like this: “Recovery from hepa- 
tectomy in a Mohammedan Siamese twin 
with acute yellow atrophy and leprosy might 
possibly be thought of sufficient rarity to 
justify a brief report.” He ends with flowery 
and profuse acknowledgements to seniors 
who might be on future election committees. 

Secondly, the trainee surgeon who has 
never had a chance to do a hepatectomy ; he 
speaks in discussions at scientific meetings: 
“Dr. Frank Pus spoke next. He said he had 
specialized in hepatectomy and wished to 
draw the attention of all general practition- 
ers to the great advantage of this operation 
over removal of the gall bladder—that the 
patient got more for his money. He had 
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illustrated 


had his livers 
in colours, he had presented six thousand of 
his livers to the College of Surgeons and he 


hoped to see a Hepatectomy Section of the 


five thousand of 


Society of Medicine.” 

Thirdly, the man who really has done a 
few hepatectomies. The text consists of a 
series of blood counts, sections through the 
falciform ligament, blood chemistry, and 
radiologic studies “on my last fifty thou 
sand cases of hepatectomy.” Sometimes but 
very rarely “My thanks are due to Drs. 
Smith, Jones, Brown, and Robinson who 
did the blood counts, sections, biochemistry, 
and radiology.” 

The surgeon or physician who has arrived 
at an age when dignity is a consideration, 
develops the scholarly attack. It goes like 
this “In his Hunterian Lecture entitled 
‘Hepatectomy and other euthanistic lapa- 
Sir Frank Pus the 
Egyptian 


rotomies’ referred to 


disembowelling performed on 
mummies as probably the earliest known ex- 
amples of this operation, although in those 
preListerian days of course, the subjects 
were already dead.” 

A really successful man, however, has a 
syndrome—(in case there are some here 
who don’t know the meaning of this word, 
I may remind you of the young nurse who 
translated it as “A den of vice’). A good 
syndrome should have two discoverers and 


“The Mulliga- 
tawny-Pus syndrome. An interesting obser- 


three coincidences. Thus 
vation by two well-known hepatectomists 
working independently is briefly discussed 
in the current journal of Abysmal Malpraxis 
of Ruritania. They find that 95 percent of 
cases of hepatectomy show a right para 
median scar, no excretion of bile, and a 
resonant percussion note in the right upper 
abdomen.” 

So it goes on, until we hear Laud Pus 
of Pyocyanin drawing attention in the House 
of Lords to the need of a hepatectomy serv- 
ice in Labrador. Is there then no real medi- 
cal literature? Yes indeed it is tucked away 
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at the end of “Synopsis of Current Litera- 
ture” and it reads as follows: “Bulganotoff 
states that all operations for complete re- 
of the fatal 


minutes.” 


moval liver are within ten 

Of course, on the scientific side we have 
our gimmicks. For example, take a simple 
process that everyone imagines they under- 
stand—like the sedimentation of red blood 
cells—dig out the laws relating to spheres 
falling through space (the more obscure 
they are the better) and cover pages with 
formulas and squiggles until you end with 
an Index or Factor, which if all goes well 
like Max Fac- 
tor. This method will ensure your being in- 
to all 


alone will 


should be named after you 


symposia, because 
the work. You 


vited important 


you understand 
will have a wonderful time until someone 
comes along and tries another profitable 
line, which is the debunking of well-known 
work, and he will point out that the physical 
laws you have used do not, in fact, apply, 
because the problem actually relates to bio- 
concave discs falling through plasma. But 
don’t despair, this will be the beginning of 
endless articles on the proper interpretation 
of »:V in relation to »»V—but whatever you 
do, avoid journals on physics. 

The other important weapon we labora- 
tory workers have is statistics—which you 
sikini 


they hide the essentials but reveal interest- 


will remember have been likened to a 


ing possibilities. Now statistics put us “one- 
up” on the clinician who always tends to 
imagine that he could do our work equally 
well if he only had more spare time. A 
few “correlation co-efficients” and “standard 
deviations” scattered throughout your paper 
will soon put that right. It is true that people 
like Pasteur and Erlich managed to scrape 
along fairly well without all these signifi- 
cant figures, but they were working only on 
the prevention and treatment of disease, 
whereas statistics are much more valuable in 
that they prevent undesirable pleasures like 
smoking, drinking, and even eating. 
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So “getting a job” or “making one’s 
name” are two of the reasons for writing, 
for certainly we can be sure that medical 
literature would be much less bulky were all 
the articles anonymous. But this is why the 
other fellow writes—we in this room of 
course have better reasons. 

Ideally a scientific paper is an honest open 
letter to workers sharing the same interests 
and it should be written simply and directly 
to its intended readers. Having as its high 
purpose the advance of knowledge, it should 
be strictly regardless of personal gain, re- 
search grants, and national barriers, and 
above all it should treat the work of others 
with scrupulous fairness. There is a danger 
that these ideals may be squeezed out by 
commercial and journalistic influences and 
it seems to me that our best hope of main- 
taining our traditions lies in the example 
set by members of such excellent associa- 
tions as your own. 

As regards style too often our papers are 
so complex, and apparently addressed to no- 
body in particular, that they are almost un- 
intelligible. I always advise trainee research 
workers to go home and read their papers 
through to their wives and when they agree 
that the subject is understandable it is near- 
ing a suitable form for publication. That 
does not mean of course that scientific ar- 
ticles should begin “Well darling, it’s like 
this . ,” but that the doctor’s wife is an 
interested and intelligent person, unham- 
pered by medical jargon, and with a woman’s 
wiles can painlessly deliver her husband's 
“brain-child.” 

In the world today, however, there seems 
to be less and less time for perfection. We 
are in a hurry even when we are lying 
down. As an example of the absurd posi- 
tion we have reached, take the case of the 
American business man who went for psy- 
choanalytic treatment. The psychiatrist said 
“Am rushed for time—can’t stop—patients 
waiting—just lie down on that couch and tell 
your symptoms to my tape-recorder.” Two 
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hours later when he returned the room was 
empty but a note on the table read “Rushed 
for time—can’t stop—assignment waiting 
have left my tape-recorder talking to your 
tape-recorder.” 

We write also | all 
fondly hope that our work may have some 
ultimate application to human needs, al- 
though the pure scientist will tell us that 
the pursuit of knowledge itself is a suff- 


believe because we 


ciently noble purpose and that it is as valua- 
ble to know the mating habits of the Dro- 
sophila as it is to know the cause of cancer. 
Of course, researches with no practical bear- 
ing on human interests find their immediate 
justification in satisfying the incessant urge 
of man to label all things and to discover 
how they work. But what can be the final 
value of such efforts? Unless the findings 
eventually have some use—surely none. I 


side therefore with Unamuno the Basque 
philosopher who said “Is it that after all 
the chief end of man is simply to catalogue 
the universe? Is it that at last the human 
race will fall exhausted at the foot of a pile 


of libraries—in order to bequeath them? To 
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whom? 


For God surely will not accept 


them.” 

Holding these views then, I find it a very 
great experience to the Proctor 
Medal, for I feel that the work from my 
unit is accepted as of some value by those 


receive 


most qualified to judge. I know there are 
many who deserve the honor more, but | 
would remind them of Fuller’s dictum that 
“it is a worthier thing to deserve honor 
than to possess og 
I shall carry the medal home to London 

if I get it through the customs—as a trophy 
to share with my colleagues at the institute, 
all of us the scientific offspring of a great 
ophthalmologist, a great writer, and a great 


Duke-Elder. As I 


have said on a previous occasion, all of us are 


enthusiast—Sir Stewart 
entitled to call ourselves Duke-Elderberries. 

When you can spare the time to leave your 
magnificent country for a visit to the old 
world I can assure you most sincerely that 
the warmest welcome awaits you at the In- 
stitute of Ophthalmology in London. 

Institute of Ophthalmology, 

Judd Street (W.C.1). 


EFFECTS OF TACHISTOSCOPIC TRAINING* 
ON VISUAL FUNCTIONS IN MYOPIC PATIENTS 
Conrap Berens, M.D. 

Nex York 
Louis J. Grrarp, M.D. 

Houston, Texas 
GERALD Fonpba, M.D. 

Milburn, New Jersey 
AND 
S. B. Sects, 


Scho f Aviation Medicine, U.S.A.F., Randolph Field, Texas 


[INTRODUCTION cise methods should be examined critically in 
Although the effects of eye exercises and relation to etiology and the nature of the dis- 
4 ~ S « 
ease process. Such considerations are outside 


visual training on visual functions have been 


. “ope of thi i 1g: ion. 
widely investigated, there have been virtually the Of thks investigation 
no studies in which relevant factors have The rationale ot a ray procedure in 
been adequately controlled. Extravagant cases in which the diminished vision is re- 
claims and forthright condemnation have lated to refractive and muscular factors, 
both been based on inadequate evidence and without observable eye pathology, has 
at the same time widespread lethargy con- seemed reascnable and worthy of experi- 
cerning the important possibilities of visual mental evaluation. The present research 1S 
training has prevailed concerned with the effects of a training 
That the problem is important does not procedure aan the vision Of myopic patients. 
seem to require much justification. Effective rhe selection of a single category of visual 
vision is a function of learned visual and #"0maly limits the extent to which the results 
perceptual habits in a healthy organism '™*#Y be generalized, but has the advantage of 
as well as of the optical characteristics of the greater control of experimental conditions. 
eyes. Most of the training methods advocated The tachistoscopic technique developed by 
have been directed at visual control and per Renshaw was employed for aMeng, as 
ceptual habits. If visual acuity could be in- described later, and the results with a trained 
creased by training, the effects for myopic group were compared with those of a con- 
patients might be of value not only in civilian trol group which received no training. 


life but also in militar) ervice. RESEARCH ON REDUCTION OF MYOPIA 
Claims for visual training have included 
Ophthalmologists have distinguished be- 
the successful treatment of eye-strain, my 
opia, hyperopia, presbyopia, astigmatism, st il and pseudomyopia.* If the 
strabismus, and even pathologic conditions, ™Y°P!@ disappe MTS OF decre ASeS markedly 
, . following relaxation of the ciliary scle 
such as cataract and glaucoma. Where a dis- tk 
ease exists, the rationale of treatment by exer by means of a cycloplegic drug, it is con 
sidered pseudo. 


*From the Ophthalmological Foundation, Inc., 
and the Research Department of the New York 


“iz for the B This stu 
Association for the Blind. Thi tudy was aided by The etiology of myopia has been a con- 
funds from the Snyder Ophthalmic Foundation 


Eri 


granted to the American Committee on Optics and troversial subject. Excessive convergence, 


Visual Physiology. excessive accommodation, hereditary struc- 


. 
= 
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tural defects, increased pressure of fluids 
on bending the head, and congestion of the 
eye coats were postulated in the earliest 
theories.* The list has been greatly enlarged, 
as shown by Stansbury,‘ to include (1) too 
short an optic nerve, (2) congenital defi- 
ciency of the sclera, (3) disorder of growth, 
(4) imbalance of the extraocular muscles, 
(5) psychic and intellectual relation, (6) en- 
avitaminoses, 
(9) 


docrine dysfunction, (7) 
(8) 


variation, and (10) sclerochoroiditis. 


constitutional diseases, biologic 
Other suggested causes are environmental 


stress (for example, near work, use of eyes 


under poor hygienic conditions), drugs, 
anesthesia, dystrophy of lens fibers, corneal 
inflammation, circulatory changes, person- 
ality defects, variation in normal embryonic 


processes, prematurity, ciliary spasm, reduc- 
tion in depth of anterior chamber, disease of 
anterior segment of eyeball, psychosomatic 
disorders, and diabetes. Miller’ proposed that 
myopia is found where such food elements as 
fats and other essential foods are lacking in 
the diet. However, in cases approaching near 
myopia at birth, the normal amount of fat in 
the diet will not check the visual axial de- 
velopment because congenital myopia exists. 

Crisp’s* belief is that it may be well to 
assume that not the single element of he- 
redity, not nutrition alone, not the influence 
merely of study or other close work, but all 
three factors jointly, and in varying degree, 
may be responsible for the anomalous optical 
measurements of myopic eyes. It might be 
well to assume that the etiology of myopia 


varies from case to case. 


REFRACTION 


Claims concerning the actual reduction of 
myopia have produced controversial opin- 
ions. Evans® has stated that refractive errors 
are not modifiable by use or abuse and hence 
are not “curable” by the use of glasses, nor 
are they modified by “wrong” glasses, eye- 
strain, “exercise,” or other forms of train- 
ing. If the refraction departs materially (one 
diopter or more) from the normal curve, he 
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believed that ocular or systemic disease is 
or has been present, including a radical 
change of weight. 

As an explanation for certain cases in 
which myopia has been reported as “re- 
duced,” Jannon’’ pt inted out that a reduc 
tion in the correcting lens should not be con- 
fused with a reduction in myopia. A reduced 
correction may only mean that the patient 
had been wearing an overcorrection for his 
refractive error. 

Certain investigators believe that only low 
degrees of myopia may be reduced. Ac 
cording to Stoddard" myopia greater than 
2.0D. is probably mainly anatomic and or- 
thoptics or similar procedures are futile in 
such cases, whereas myopia less than 2.0D. 
may be functional or anatomic and the func 
tional or pseudomyopic cases may be less 
than 1.0D. Stoddard recommends orthoptic 
or similar procedures routinely when low 
myopic states exist. 

A study by Chance” revealed that in those 
patients exhibiting myopia of less than two 
diopters in whom the refractive state under 
cycloplegia was less myopic than without 
cycloplegia, orthoptic training finally resulted 
in a reduction of the myopia. But in those 
cases which showed essentially the same 
refractive state with or without cycloplegia 
no improvement in the myopia was obtained 
by orthoptic pre cedures. 

Olmsted and his associates, according to 
Chance, Ogden, and Stoddard," suggested 
that an average of 1.0D. is the amount by 
which myopia can be physiologically re- 
duced, unless pseudomyopia is present. 

The wearing of an undercorrection with 
base-in prism has also been credited with 
reducing myopia. Chance and his associates" 
believed that there may be some plausibility 
in this theory. Henderson was reported by 
these authors to have shown that excitation 
of the ciliary body by the parasympathetic 
nerves with reciprocal inhibition of the 
sympathetic nerves causes accommodation, 
or a relative myopia, with respect to the basic 
refractive state. But excitation by way of 
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the sympathetic with reciprocal inhibition 
of the parasympathetic results in a relative 
hypermetropia with respect to the basic re- 
fractive state. The basic refractive state 1s 
defined as the refractive state in which only 
normal autonomic tone is present." 
Chance et al.** suggested that what has 
been thought to be a simple relaxation of 
accommodation in the change of ocular fo- 
cus from near to distance fixation is really 
a reciprocally innervated dynamic change in 
the refractive state. According to their re- 
port, Morgan, Olmsted, and Watrous showed 
that the change resulting from parasympa- 
thetic excitation is of the order of 10 diopters 
and that from sympathetic excitation :s ap 
proximately 1.0 diopters, while Henderson 
showed that this finding is largely due to the 
difference in mechanical advantage of the 
ciliary muscle fibers innervated by the two 
branches of the autonomic nervous system. 
Drucker™ is of the opinion that concave 
lenses themselves might be a cause of pro- 
gressive myopia, since he noted that myopic 
patients who refuse to wear their minus cor- 
rections constantly appeared to suffer less 
from progressive myopia than did those 
who wore their minus corrections most faith- 
fully. Drucker cited his own personal ex- 
perience. At one time he required a spherical 
minus correction of almost two diopters, 
and had a visual acuity of below 20/200. 
By wearing plus lenses with base-in prisms 
for reading, progressively increasing the 
plus until two diopters could be worn for 
near, his visual acuity gradually improved to 
20/40 and objective testing indicated a resid- 


ual myopia of 0.5D. 


Rasmussen** has stated that “myopia is 
a shifting of the eye’s optical focus forward 
of the retina through displacement and dis- 
tension of the crystalline and cornea by bin- 
ocular close-visual maladjustments.” He 
applied this theory to 125 consecutive clini- 
National Health Service 
without selection. Cases of marginal ame- 
from the 


leaving 86 cases with myopic spherical or 


cal cases in the 


tropia were eliminated study, 


meridi- 
method 


spherocylindrical correction in all 
0.5D. to 12D. The 


was to reduce the spherical correction only 


ans of from 
for close vision and to do so only by main- 
taining a properly balanced relation between 
convergence and accommodation. In general, 
the rationale of his technique was to estab- 
lish parallel rays or “infinity” at distance (re- 
gardless, or in spite of, whether the acuity 
corresponded ). For the 86 cases, ranging in 
age from nine years to 65 years, the aver- 
age manifest myopia was 2.75D. and the 
average reduction was 1.68D.; the average 
presbyopic difference was 0.54D., leaving an 
average net reduction of 1.14D. For the 59 
cases under 40 years of age, the average 
manifest myopia of 2.58D. was reduced by 
1.45D. or 56 percent. 


MUSCLE BALANCE 

The frequent association of muscle im- 
balances and myopia has led Drucker to 
suspect that there may be a relationship 
which may account for certain cases of ap- 
parent reduction in myopia. 

In a statistical study of functional muscle 
tests in axial myopia, Snell** found nearly 
twice as much esophoria as exophoria. In 
1,078 cases of myopia, esophoria was ex- 
hibited in 55.3 percent and exophoria in only 
30.4 percent of the cases. 

In Rasmussen’s study*® the incidence of 
esophoria was over three and a half times 
that of exophoria, but only twice as much 
in the older age groups (51 to 65 years). He 
believes that this is good evidence that eso- 
phoria is a functional error largely associated 
with myopia through the development of 
overconvergence from very early maladjust- 


ments. 


VISUAL ACUITY 

Increased ability to see following visual 
training has been attributed to a number 
of factors. Among these are training in the 
interpretation of blurred images, improved 
visual memory, and elimination of poor 
visual habits. However, uncorrected visual 
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acuity is not an accurate indicator of the 
degree of myopia. Rubin et al." gathered 
data on 1,105 eyes showing simple myopia 
as determined subjectively by the fogging 
technique. All had normal acuity when cor- 
rected. Errors varied from 0.25D. to 3.5D. 
There was much overlapping in naked acuity, 
especially where vision was reduced to ap- 
proximately 20/200. This was attributed in 
part to the few letters available for testing 
in this range. 

Lancaster™ cited the case of a young man 
who had been wearing concave lenses and 
asked if there 
the test for 20/20 vision. Vision was 20/15 


was any way he could pass 


with glasses but was 20/30 without glasses. 
He was given a +1.0D. sph. for each eye to 
wear constantly for three days. His visual 
acuity was 20/15 without glasses and 20/15 
with a +0.5D. sph., and he read some letters 
of the 20/20 line with a +1.0D. sph. His 
myopia was not cured because he did not 
have myopia to begin with. He learned to 
relax his accommodation. He was judged to 
be myopic by some one because when a 
—0.5D. sph. was placed before his eye, he 
said, “that is better, clearer.” That a young 
man with 20/15 vision sees better with a 
—0.5D. sph. shows that he has good accom- 
modation, not that he has myopia. 

In cases of pseudomyopia vision is varia- 
ble. This type of myopia is considered identi- 
cal with spasm of accommodation and a fac- 
tor in causing progressive myopia. Spencer- 
Walker® inferred that poor vision is a stimu- 
lus to spasm of accommodation. This author 
suggested that there may be many myopes 
in schools and classes for the partially seeing 
who suffer from accommodative spasm, sup- 
pression, and so forth. Although they bene- 
fit from the visual rest-negative treatment, 
Spencer-Walker believed they would bene- 
fit still more from positive orthoptic treat- 
ment. 

In two experiments performed by Marg*® 
some hundred clinic patients between 14 
and 40 for 


visual acuity wearing their newly determined 


age were measured 


years of 
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T 3. sph. 


Then, after instruc 


prescription combined with a 
lens before each eye. 
tions on how to see more clearly followed 
by a short practice period, they were again 
measured. Only one subject of the hundred 
demonstrated unusually good transient acuity 
(a flash) but she was unable to maintain 
it or repeat it for measurement of refraction. 
The next experiment consisted of five spe- 
cially selected subjects who could flash. Some 
of them were undergoing Bates’ training at 
the time. Visual acuity was improved from 
around 20/200 to 20/50. The refractive state 
of the eye was measured by skiametry at 
one time and with the coincidence optometer 
of Fry at another. No change in power was 
found by skiametry from normal to flash 
vision. The optometer indicated changes of 
—0.22D. to +0.27D. 


significant at the 95-percent confidence level. 


none of which was 
For the change in acuity to be attributable to 
negative accommodation, the dioptric change 
would need to be from about plus 1.0 diop 


ters to 2.5 diopters, depending on the subject. 


VISUAL FIELDS 


Renshaw* has shown that tachistoscopic 
visual form training may result in a signifi 
cant and large increase in the form-field 
of the two eyes. The form-field is defined by 
the solid angle within and beyond the region 
of the which an ob 


anatomic macula in 


server is able to distinguish shapes. 


READING 

The importance of reading in regard to 
myopia is fully appreciated when we realize 
that still is 


sidered an important cause of myopia by 


near work has been and con 
many investigators. For example, Sonder 


mann*® recommends the avoidance of re 
peated eye movements in reading by turning 
the head. Because, in reading, the lines are 
changed up to 2,000 times an hour, an heredi- 
tary weak posterior scleral segment may 
become enlarged. 

The relationship between visual training 


and reading as well as academic improve- 
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ment has been studied by Olson et al.** In 
their investigation 65 students accepted the 
dean’s suggestion that they participate in 
this study; most were C students or worse. 


These were divided into four matched 


groups: (1) visual training group; (2) vis- 
ual training and counseling group; (3) coun- 
seling; (4) control group. Forty-nine com- 
pleted the program. Visual training groups 
showed reading gains significant at the one- 
percent level and maintained gains after 
summer vacation. Improved comprehension, 
academic improvement, and better patterns 
on the Bernreuter Personality Inventory 
were indicated but the results were not sta- 
tistically significant. 

In another study, 75 children were given 
tachistoscopic training twice weekly, and 
their scores on school achievement and in- 
telligence tests were compared with those of 
a control group receiving no special train 
ing.** Average grades on reading tests were 
higher in the trained than in the untrained 


group. 


VISUAL TRAINING 
Lancaster™* reasoned that seeing involves 
ocular and cerebral factors, and, therefore, 


visual training may be able to improve the 


cerebral factor because such training in- 
cludes repetition, practice, and learning. 
More recently, Lancaster** expressed the 
belief that improvement in myopia may be 
lue to learning how to blurred 
Kratz** 
myopia is associated with small degrees of 


interpret 
images. believed that only when 
astigmatism, excessive close work, or neuras- 
thenia and muscle imbalance can physiologic 
improvement be expected from visual train- 
ing procedures. 

Duke-Elder®® and many others have thor- 
Bates’ method of 


training. According to Cowan” it has never 


oughly denounced the 


been shown that the onset or arrest of typi- 
cal myopia or any other refractive error can 
be prevented. He believed that “we have no 
more means of controlling the growth of the 


eyeball than we have of regulating the growth 


of any other feature of the body.” 
Visual training methods are legion. In ad- 


dition to the methods advocated by Bates**~* 


0 


and Peppard,* well-known training methods 


include: orthoptic training, tachistoscopic 


training,** daily reading of the smallest let- 
ters on a Snellen test chart,** use of a vecto- 
luminator with polarized targets for the two 
eyes,*® projected moving patterns produced 


by a kaleidoscope,** recognition of puppet 


positions for training athletes,*° use of 
stereoscopic slides and pointers,** the Skef- 
fington** technique, and others.**~* 
that 


myopia may respond to visual training 


Some investigators stress pseudo- 


10, 11 
because it is due to excessive accommodation. 
However, medical and scientific opinions 
concerning true myopia are typified by Post 
who, in discussing a paper by Lancaster,” 
stated that while visual acuity in myopia may 
be improved appreciably by exercises or 
training, in his experience there was no evi- 
lence of a significant change in the ame- 
tropia. 
Although 
improvement, it may be temporary, neces- 


visual training may produce 


one case, 


sitating periodic repetition, In 
cited by Preble,** vision in a co-operative 
young girl, aged 13 years, improved from 
20/200 to 20/30 in both 


vision of 20/30 apparently required too great 


eyes. However, 
an effort and the initial vision of 20/200 was 
more satisfactory to the patient. In addi 
tion, while the vision improved, the myopia 
increased from 2.0D. to 3.0D. on retinoscopic 


examination. 


TRAINING 


Sloane, Dunphy, and Emmons* 


co-oper- 
ated in investigating the effect of a simple 
group training method upon myopia and 
visual acuity. Eight boys ranging in age from 
14 to 18 years were given group training. 
A three-dimensional tachistoscope was used. 
Sessions were held for seven consecutive 
weeks, omitted for three weeks (during a 
school vacation period) and resumed for 


a final five-week period. Each training ses- 
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sion lasted one-half hour. There was some 
slight variation in the results of the vision 
tests made by the three examiners. In each 
case the value agreed upon by the three ex- 
aminers as the best estimate of the subject’s 
preliminary and final vision was given. 
When two of the three examiners obtained 
that 


when none of the three obtained the same 


identical results, value was chosen; 
result, a value approximately midway be- 
tween the extremes was selected as being 
the best estimate. No cycloplegic was used 
for refracting. 

Six of the boys had exactly the same 
assigned value before training, and five ob- 
tained the same value, after training, on one 
chart as they did on the other. The two who 
varied before training did so only in a slight 
degree; and the same was true of the three 
who showed some difference in response to 
the two charts after training. In no instance 
did these than 
line” on the charts. 


estimates vary more “one 

None of the subjects showed a decrease 
in degree of myopia in both eyes on retino- 
scopic values assigned after training. Two 
boys had a decrease in one eye, and in all 
the others there was a slight increase in 
myopia. The changes in myopia were small 
and many were within the limits of error 
and of an individual’s daily variation in re- 
fractive error. 

Hildreth et al.* the effect of 
visual training on myopia. Fifty-four pa- 


studied 


tients were selected from a group of 84 re- 
ceiving visual training as a substitute for 
glasses. All had myopia ranging from 1.0D to 
3.0D. The results were observed for a period 
of more than a The exercises were 
given by a group of optometrists. The pa- 


year. 


tients were carefully examined and ob- 
served before and after training by a group 
of ophthalmologists from the staff of the 
Washington University. The training con- 
sisted of three sequences of six to 12 steps 
involving approximately one hour daily for 
one month. It included the fixation of tar- 
gets, at different distances, monocular and 
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binocular, moving and stationary, and stereo- 
scopic. 

Thirty (55. 


percent ) of the 54 selected 
cases I 


5 

revealed no change in their visual 
acuity, while 12 (22.2 percent) showed a def- 
inite improvement, the best results being ob- 
tained in the cases with a small degree of 
myopia. In 12 patients (22.2 percent) there 
was so slight a change that they were ex- 
cluded from this group. Eleven of the im- 
proved patients were rechecked at an inter- 
val of 15 to 23 months after completion of 
the training. Five retained their improve- 
ment, while one showed less acuity than be- 
fore training. 

During the training no change was ob 
served by the supervisory ophthalmologists 
in the retinoscopic refraction nor in the 
ophthalmoscopic appearance. Slight differ- 
ences in muscle balances were occasionally 
noted. The examining ophthalmologists con- 
cluded that visual training can only be of 
temporary value in myopes whose visual 
acuity is lower than suggested by the de- 
gree of their myopia. The improvement is 
practically always only temporary and is due 
to improvement in visual memory. 


In the Wilmer Institute study, 


103 un- 
complicated myopic subjects were selected 
for visual training. Both visual acuity and 
refractive error were measured before and 
after the training program. Thirty subjects 
showed an improvement on all four of the 
visual charts used, with a 27-point increase 
on the percentage visual acuity; 31 subjects 
did not improve on all charts but showed a 
decrease of 10.8 points. Woods concluded 
that the degree of average improvement was 
within the limits of errors of measurement 
by the subjective test of visual acuity and 
that the results indicated the improvement to 
be based on the ability to interpret blurred 
images rather than on any change in re- 


fractive error. 
DISCUSSION 


The foregoing discussion of the literature 
presents many conflicting facts and opinions. 
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Nevertheless, a number of reputable investi- 
gators have reported improvement in visual 
acuity, increased size of visual fields, reduc- 
tion of refractive error, and improvement in 
reading in some myopic patients as a result 
of treatment by prescription of corrective 
lenses or by various training methods. 

Prevailing medical opinion, supported by 
the findings of Sloane, Dunphy, and Em- 
mons,** Hildreth et al.,** and Woods, and 
by the expressions of Lancaster** and Post," 
is reluctant to accept the reduction of myopic 
refractive error by these methods, but is 
more amenable to accepting competent evi- 
dence demonstrating improvement of visual 
acuity, size of visual fields, and reading, 
since these are presumed to depend to a large 
extent on learning. Nevertheless, the results 
reported have not demonstrated spectacular 
success, even for these functions. 

The evaluation of these studies is difficult, 
first, because none of them has made use 
of a control group, which would provide a 
proper estimate of a base rate against which 
to compare the effects of training; and, sec- 
ond, because in most cases statistical tests 
of the significance of observed differences 
were not presented, nor were the data pre- 
sented in such form that they could be com 
puted. It can only be reported that various 
training methods were used with subjects of 
varying age, varying motivation for the train- 
ing, and varying degrees of myopia, and that 
in a proportion, varying from about 20 to 30 
percent, improvement in visual acuity of 
varying degrees was found; in a comparable 
proportion of subjects, increased myopia 
resulted. In only one investigation, by Hil- 
dreth et al.** was a follow-up over a time 
made and this showed that 45 percent of 11 
cases retained their improvement, while only 
one subject had regressed lower than the 
pretraining level. 

The present investigation was designed, as 
far as possible, to overcome the limitations 
of previous work in this area, although cir- 
cumstances precluded inclusion of a follow- 
up study. The research design specified the 


characteristics of subjects to be included, 
the uniform training procedure to be fol- 
lowed, and provided for a control group. The 
analysis of results made use of quantitative 
methods of treating the various measures 
and tests of significance of the differences 
obtained between experimental (trained) 
and control (not trained) groups of subjects. 

The limitations of this study include sev- 
eral that were planned and a few unintended 
ones which were the inevitable result of the 
difficulties of obtaining subjects with the 
desired characteristics. It was planned to use 
only structural myopes, without complicating 
pathologic process, and to use only the Ren- 
shaw tachistoscopic training technique for 
training. The advantages in experimental 
control, gained with these limitations, were 
judged to offset the restrictions imposed on 
generalization of results. It was also intended 
to utilize for both experimental and control 
groups, subjects who would be highly moti- 
vated to improve their vision. As discussed 
below, there was evidence of a substantial 
difference between the two groups in this 
respect which may account, at least in part, 
for the results obtained. 


SELECTION OF SUBJECTS 
The experiment was carried out with 140 
subjects. Of these, 80 received tachistoscopic 
training and 60 were given only the initial 
and final visual evaluation, but no training. 
The trained group will be referred to subse- 
quently as the Experimental Group and the 
nontrained group, as the Control Group. 

The criteria for selection of subjects, as 
specified in the original plan of this project, 
were: 

1. Age. Subjects were to be drawn from 
the range of 10 to 30 years of age, spanning 
generally the periods of schooling and most 
active military service ; 

2. Type and degree of ametropia, Sub- 


jects were to be accepted only if they had 
between 0.5D. and 3.5D. of myopia, as de- 


termined under cycloplegia; with not more 
than 2.5D. of astigmatism; not more than 
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2.0D. of with correctible 


visual acuity of 20/20; and if they had no 


anisometropia ; 


complicating internal or external pathologic 
condition. 


SOURCES OF SUBJECTS 


Initially, subjects were obtained from the 
clinics of the New York Eye and Ear In- 
firmary, the Mary Hitchcock Hospital, Han- 
over, New Hampshire, and from private 
practice. In order to recruit a larger number 
of subjects than were available for training 
classes from these sources, an appeal for 
volunteers was broadcast over a radio pro- 
New York. The 
stated that The Ophthalmological Founda- 


gram in announcement 
tion, Inc., with the co-operation of the New 
York Eye and Ear Infirmary, was under- 
taking research on visual training for myopic 
patients under 21 years of age, with refrac- 
tive errors of —3.0D. or less. It was ex- 
plained that the training course would consist 
of three half-hour sessions per week for a 
period of 10 weeks. Eligible persons were 
invited to apply to the foundation office. 
Most of the 


through this appeal. Applicants were given 


subjects were obtained 
preliminary screening by the office staff and 
accepted or rejected after the first ophthal- 
mologic examination. Subjects accepted for 
training were required to agree to attend 
regularly. They were informed that if their 
attendance during the first two weeks of 
training was unsatisfactory, they would be 
dropped from the training classes, but would 
still be required to return later for another 
ophthalmologic examination; that is, cases 
dropped from the experimental group for 
unsatisfactory attendance (reflecting lack of 
interest or inability to attend) were to be 
held for the control group. The motivation 
of most of the subjects who entered the 
training classes was intense. There were 
many enthusiastic expressions of hope to 
improve their vision and “discard their glas- 
ses” after completing the course. 

Although obtained from the same general 
source, the motivation of the control group 
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was, by contrast, generally poor. This group 
included 20 individuals who were dropped 
from the training classes because of poor 
attendance, and who agreed to return later 
for final visual evaluation. It also utilized 
40 applicants who were informed that they 
were too late for the current training clas 
ses, but would receive priority in later classes 
if they participated as control cases in the 
current experiment and took the visual ex- 
aminations. 

Considering the circumstances of their re- 
cruitment, it may be inferred that the ex- 
perimental group, for the most part, mani- 
fested intense motivation to improve, while 
the motivation of the control 
This 
ported by the fact that the staff experienced 


group was 


questionable. interpretation is sup- 
considerable difficulty in inducing the pa- 


tients in the control group to return for 


their final examinations, and the interval 
between initial and final examinations for 
the control group is significantly longer than 
that of the experimental group. This differ- 
ence between the two groups was not in- 
tended, but should be considered in evaluat- 


ing the experimental results. 


CHARACTERISTICS OF SUBJECTS 

The total sample of 140 subjects had a 
slight majority of females, 55 percent. They 
ranged in age from six to 47 years and in 
education from the first grade to college 
graduate. Forty-five percent were students, 
11 percent housewives, and 34 percent were 
employed in various occupations. Occupation 
was not recorded for the remaining 10 per 
cent. 

The experimental and control groups are 
quite well matched with respect to these 


characteristics, as shown in Table 1. The 
means and standard deviations* are similar 
* Explanation of terms. The mean refers to 


the arithmetic mean or average of the distribution 
and provides a measure of central tendency. The 
standard deviation is a measure of dispersion of 
cases around the mean and refers to the range, in 
units of measurement, above and below the mean, 
which includes the middle 68.26 percent of the 


cases. 
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EXPERIMENTAL GROUP AND CONTROL GROUP WITH RESPECT TO 
POPULATION CHARACTERISTICS 


COMPARISON OF 


Control 
Group 


Experimental 
Group 


Number of <ases 60 


Age (yr.) 2 


Education (highest grade completed) 10.5 


Proportion of females in group 56 

28 (47%) 
6 (10%) 
21 (36%) 
4( 7%) 


Student 35 (44%) 
Housewife 9 (11%) 
Other (employed) 26 (33%) 
Not recorded 10 (12%) 


Occupation 


and the proportion of each sex and distribu- 
tion by occupation, within the categories 
recorded, are closely comparable. 

The mean age of each group is between 22 
and 23 years, with a standard deviation of 
10 years. The mean educational level is be- 
tween the 10- and 11-year level. This is con- 
siderably lower than the level expected for 
the mean age reported. However, 40 percent 
of the experimental group and 38 percent 
of the control group were over the age of 22 
years, the normative age for college gradua- 
tion. If it were assumed that all subjects 
above 22 were college graduates and that all 
other subjects had achieved schooling ex- 
pected for their ages, the median education 
for both groups would be between the 15- 
and 16-year levels. Hence, it may be con 
cluded that the present samples are below 
average in educational level, although com- 
parable with each other. This educational 
retardation is consistent with the fact that 
they were drawn from the lower economic 
and social strata of the general population. 


VISUAL CHARACTERISTICS 
The 


groups are summarized in Table 2. It will be 


visual characteristics of the two 
seen that they are closely matched in degree 
of myopia, anisometropia, and visual acuity. 
Refractive error was determined by retinos 


copy under cycloplegia, and is reported in 


terms of spherical equivalent. The mean 
refractive error for the experimental and 
control groups, respectively, is —2.27D. and 
—2.31D.; the variances are approximately 
comparable. Anisometropia was computed as 
the difference between the spherical equiva- 
lent of the two eyes. The means, in diopters, 
for the two groups are 0.41 (experimental) 
and 0.45 (control); the standard deviations 
of both are 0.49. Visual acuity, with correc- 
tion, was measured for right eye, left eye, 
and both eyes, separately, on three visual 
acuity charts. These were charts designed by 
Jerens, Classon, and Ferree, and Rand. The 
visual acuity fractions were converted to 
decimals to facilitate statistical analysis. The 
decimal scores for each eye on each chart, of 
the combined experimental and _ control 
groups, were transformed to T* scores with 
a mean of 50 and a standard deviation of 10. 
The mean visual acuity T scores for the ex- 
perimental group, with correction, are O.D., 
49.23 (20/25); O.S., 50.05 (20/24); and 
O.U., 50.55 (20/21). For the control group, 
scores are O.D. 50.31 
51.0 (20/23); and O.U., 


the comparable 
(20/23); O.S.., 


*A T scale is a statistical technique of trans- 
forming measurements into standard units for con- 
venience of computation and uniformity of units. 
The mean score of a T scale is arbitrarily fixed 
at 50 and each 10 points of score above or below 
are equal to one standard deviation. 
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TABLE 2 


COMPARISON OF EXPERIMENTAL AND CONTROL GROUPS WITH RESPECT TO 
VISUAL CHARACTERISTICS 


Variable 


No. cases 
Refractive error' Mean 
S.D. 
Anisometropia? Mean 
S.D. 
Visual acuity cc* 
O.D. Mean 
S.D. 
OS. Mean 
S.D. 
O0.U. Mean 
S.D. 


Experimental Group Control Group 


80 60 
—2.27D. —2.31D. 
1.47 1.05 
0.41D. 0.45D 
0.49 0.49 


49 .23 (20/25) 50.31 (20/23) 


8.04 7.50 
50 .05 (20/24) 51.00 (20/23) 
9.02 7.88 
50.55 (20/21) 50 .74 (20/21) 
8.23 7.11 


' Spherical equivalent of refraction determined by retinoscopy under cycloplegia. 


* Computed as absolute difference, regardless of sign, between spherical equivalents of refractive errors of 


the two eyes. 


* Average of T score equivalents for three charts: Berens, Classon, and Ferree-Rand. 


50.74 (20/21). The variances of the experi- 
mental group are slightly greater than those 
of the control group. 

From these data it is apparent that the 
selection of subjects, according to the criteria 
stated earlier, was reasonably good and that 
the two groups were well matched in their 
visual characteristics. The range of myopia 
in both samples was greater than originally 
planned, but the restrictions with reference 
to anisometropia, astigmatism, pathology, 
and correctible visual acuity were strictly 
observed. 

PROCEDURE 

The effect of visual training on myopia 
was evaluated by comparing the differences 
between initial and final measurements, with 
an interpolated period of tachistoscopic train- 
ing in the experimental group, with the cor- 
responding differences between initial and 
final measurements of the control group, 
which received no training and had only an 
interpolated period of time. This design is 
less adequate than one in which some form 
of placebo is given to the control group. 
However, it was impossible to contrive a 


suitable regimen which could serve as a 
placebo, and the interpolated period of time, 
during which the control cases followed 
their normal daily routines, was adopted as 
the best available substitute. 


PRETESTS 

The initial examination, given to all sub- 
jects, included the following performed by 
ophthalmologists.* 

a. History, primarily ocular, medical, per 
sonal, and family. 

b. Examination of the eyes, including ex- 
ternal, media, fundi, size, and reaction of 
pupils, and so forth. 

c. Vision, uncorrected, O.D., O.S., O.U., 
controlled illumination, on _ three 
Snellen letter, Berens, and Ferree 


under 
charts: 
Rand. In addition, the Classon chart,’ with 
timed exposure, was conducted by means of 
mounting a shutter on the regulation Classon 


* The following ophthalmologists co-operated in 
performing these examinations : Hanford L. Auten, 
Jr., G. Calhoune, S. Chamichian, Gerald Fonda, 
Louis J. Girard, Jerry Jacobson, F. Jones, and 
Frederick K. Reid 


t Designed for the project by Dr. Louis J. Girard 
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projector. After conducting the test with un- 
limited exposure, letters of this visual angle 
were exposed at diminishing speeds until the 
minimum exposure to read individual letters 
of each angle was determined.* 

d. Refraction by retinoscopy, with and 
without cycloplegia ; manifest and cycloplegic 
refraction, near vision, and amplitude of 
accommodation. 

e. Visual acuity determined as in (c) 
above, with best correction. 

f. Motility studies, including phorias and 
fusional amplitudes at distance and near, 
nearpoint of convergence, and versions. 

g. Reading speed test, speed and compre- 
hension on Minnesota Speed of Reading 
Test, Form A for adults and appropriate 
tests for school-age children. 

h. Retinal rivalry rate, as determined by 
Renshaw retinal rivalry slide; the eyes are 
dissociated by polaroid glasses and the rate 
of alternation of retinal dominance deter- 
mined for a period of one minute. 

i. Visual form field, determined for each 
eye on the Ferree-Rand perimeter, using a 
20-point test letter E. The form field was 
determined subjectively, the test letter being 
brought centripetally toward the fixation 
point until the direction of the letter was 
Determinations 


reported. were 


the 0, 90, 180, and 270 degree 


accurately 
made for 
meridians and the findings reported on a 


field chart. 
TRAINING 

The tachistoscopic technique for discrimi- 
nation of form of distant test objects de- 
veloped by Samuel Renshaw*’ was the basis 
of the This 
adapted to group training and has the ad- 


training course. method is 


vantage that it is free from criticism with 
reference to its influence on dioptric and 


neuro-muscular anomalies. 
After completion of the pretest examina- 


* At the time this study conducted, there 
was no agreement on the form of visual 
acuity test within the Armed Forces Vision Com- 


mittee. 


was 
best 


w 
mn 


tion, subjects in the experimental group 
were assigned to classes which met for 30- 
minute training sessions, three times per 
week for 10 weeks. These classes were con- 
ducted by a trained assistant* under the 
supervision of the ophthalmologists responsi- 
ble. Classes were arranged, as far as possible, 
in homogeneous age groups. 

The procedure outlined in the manual on 
Tachistoscopic Procedure of the Three Di- 
mensional Tachistoscope Far-Point 
Training by Samuel Renshaw“ was followed 
without deviation. One of the investigators* 
consulted with Dr. Renshaw at Ohio State 
University and incorporated his suggestions 


for 


concerning the training technique. 

A detailed account of the training tech- 
nique may be obtained by reference to the 
manual.*? In brief, it involves exposure of 
groups of digits, with progressive increase of 
number of digits and decrease of exposure 
time. A multiple digit slide is projected 
which provides 50-point test objects on the 
screen. The subjects seat themselves at a 
distance from the screen where the digits 
are clearly recognized without squinting. 
Each subject measures and records his own 
distance from the screen to his seat. Training 
starts with three-digit slides at an exposure 
of %5 of a second, and, as the training 
progresses, the span of the digits is increased 
and the time exposure decreased until nine 
digits at %o9 of a second is accomplished. 
When the subject consistently records the 
digits correctly, he is progressively removed 
a foot further from the screen. 

After demonstration of the tachistoscope, 
a projector with an Alphax shutter attach- 
ment, the subjects were arranged before the 
screen in positions such that all could see the 
exposures conveniently. Those with more 
moderate myopia were encouraged to work 
without correction, moving closer to the 
screen, if necessary, and moving away gradu- 
* Miss Patricia Rainier was the assistant; Dr. 
Conrad Berens, Dr. Louis J. Girard, and Dr. 


Hanford L. Auten, Jr., supervised the training. 
t Dr. Louis J. Girard. 
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ally to 20 feet as the training progressed. 
Subjects were urged to make a genuine effort 
to improve. Training sessions were con- 
ducted informally with a pause between each 
exposure for checking results. At the end 
of each session the work of each subject was 
checked for results, personal comments, and 


answering questions. 
POSTTESTS 


With the exception of the history, the 
entire schedule of pretests was performed 
again, by one of the co-operating ophthal- 
mologists, after completion of the 10-week 
training course, for the experimental group, 
and after the expiration of 10 weeks for the 
control group when this was possible, 


RESULTS 


TIME 
EXAMINATIONS 


ELAPSED BETWEEN PRE- AND POST- 


As indicated previously, it was intended to 
obtain posttraining examinations for experi- 
mental cases at the conclusion of training 
for the 
period of time. However, principally because 


and control cases after a similar 
of their lesser interest in the project and 
difficulties in scheduling, the average period 
for the control cases was 16 weeks (mean of 
111 days), in contrast to 12 weeks (mean of 
83 days) for the experimental group. The 
mean and standard deviation of number of 
days between pre- and postexaminations for 
both groups are presented in Table 3. As 
indicated by the probability value (p less 


TABLE 3 


TIME ELAPSED BETWEEN PRE-EXAMINATIONS 
AND POSTEXAMINATIONS 


Experi- 
mental 
Group 


Control 


Variable G 
sroup 


No. of cases 59 
Mean no. of days 111.09 
Standard deviation 59.11 
Mean difference (da.) 28.10 

t 3.47 

p <0.01 
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than 0.01) in Table 3, a difference of the 


magnitude obtained between group means in 


this study would occur by chance variation 
alone less than once in 100 occasions. Hence, 
this statistically, 


difference is considered, 


highly significant. 
VISUAL ACUITY 


Visual acuity measures were converied to 
decimals and transformed to T scores, as 
already described under “Visual character 
istics of subjects,” to facilitate quantitative 
of data. The 
reported in Table 4 represent the average T 


treatment summary statistics 


scores of corresponding measures on the 


Berens, Ferree-Rand, and Classon charts. 


Although the decimal and conventional frac 
means are 


tion equivalents of the T score 


reported in Table 5, the data are here given 


in T score units in order to present the full 
statistical analysis of all group comparisons 
on the visual acuity measures. The direction 
and relative magnitude of shifts from pre- to 
postmeasures in both groups and in the vari 
ous specific conditions measured is of con 
siderable interest. 

Table 4 pre- and 
acuity for O.D., O.S., and O.U., both with 


and without correction, for the experimental 


compares post-mean 


and control groups, separately. 

The striking impression one receives, on 
observing that all the differences in visual 
acuity reported for the experimental group 
are positive and all those for the control 
group negative, is increased when it is dis 
covered also that all differences reported in 
Table 4 are highly significant statistically.* 

These results show that the experimental 
group improved, after an interpolated period 
of tachistoscopic training, to a highly signi 
ficant degree, whereas the control group de 
teriorated in like manner. Of the 80 experi 
mental cases, 74 improved, two remained 


*The probability values, marked with a double 
p less than 0.001) indicate that differ 

com 
chance 


dagger (7, 
ences of the magnitudes obtained in 
parisons would be expected to occur, by 
variation alone, less than once in 1,000 occasions 


these 
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TABLE 4 


VISUAL ACUITY RESULTS 


MEANS AND STANDARD DEVIATIONS OF VISUAL ACUITY T SCORES FOR EXPERIMENTAL 


AND CONTROL GROUP, PRE-EXAMINATIONS AND POSTEXAMINATIONS: EACH EYE 
AND BOTH EYES, WITH AND WITHOUT CORRECTION! 


Experimental Group 
Mean 


O.D.se 48.76 
O.S.s¢ 49 
O.U .s« 7 49 
O.D.cc 49.2 
O.S.cc 50 
O.U.ce 50.55 


Control Group 
O.D.se 
OS 
O.U.se 
O.D.ce 
O.S.ce 
O.U.cx 


t P<0.001. 
' Eighteen visual acuity 


Pre-T Scores 


Mean 
Differ- 
ence 


Post-T Scores 


Mean 


.80 O04} 
.24 
21 


| 


ww 
| 


| 


| 


43.8 


. scores, with Mean =50 and S.D. =10, were obtained for the combinations of 


two test conditions (with and without correction worn), three eye conditions (O.D., O.S., and O.U.) and 
three charts (Berens, Ferree-Rand, and Classon). For each T score distribution, the decimal equivalents of 
pre- and postacuity fractions of both groups were pooled. The scores reported in this table are average 1 


scores for the three charts 


* Numbers of cases for different measures in this and subsequent tables vary slightly because of clerical 


errors in initial recording of data. 


unchanged, and four decreased from pre- to 
posttesting, while of the 60 controls, one 
increased and 59 decreased to some extent. 
The mean differences in average T scores, 
in the right-hand column of Table 4, may be 
further compared in terms of amount of 
change. The average change for the experi- 
correction, was 
+ 5.62. 


mental group, without 


+ 5.87; with correction it was For 
the control group, the corresponding aver 
—4.29 and 


These differences are 


were, without correction 


ages 
with correction —6.85. 
approximately the same, although in reversed 
direction for the two groups. 
Table 5, the 


visual acuity fraction equivalents of the aver- 


which shows decimal and 
age T scores reported in Table 4, permits an 
evaluation of the changes in conventional 
terms. From these data it may be seen that 
the experimental group improved, on the 
average, from 20/125 to 20/77, monocularly, 
and from 20/98 to 20/63, O.U., uncorrected, 
and from 20/25 to 20/21, monocularly, and 
20/21 to 20/19, O.U On the 


other hand, the control group changed from 


corrected, 


20/115 to 20/157, monocularly, and 20/97 to 
20/131, O.U., uncorrected, and from 20/23 
to 20/31, monocularly, and 20/21 to 20/28, 


with correction. 


REFRACTIVE ERROR 

Refraction by retinoscopy under cyclo- 
plegia, obtained by the co-operating ophthal- 
mologists, was converted to spherical equiva- 
lent for computational purposes. The results 
for the two groups are summarized in Table 
6. 

These results are consistent in direction of 
change with those for visual acuity. Both 
groups experienced a small, but statistically 
significant, change. The experimental group 
improved approximately one fourth of a 
diopter (+0.22) and the control group de- 
teriorated approximately the same amount 
(—0.29). However, in terms of individual 
cases, the changes in refractive error were 


not as striking as those for visual acuity. Of 


the experimental group, 69 percent im- 
proved, 18 percent remained unchanged, and 
13 percent decreased. On the other hand, 79 
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| | S.D 
9.06 
8.67 
8.97 
8.04 
9.02 31% 
93 
60 50.10 
60 49 43 9 = 
59 49 .68 8 po. 
58 50.31 7 ro 
58 51.00 7 56s 
57 50.74 7 
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rABLE 5 


DECIMAL AND VISUAL ACUITY FRACTION EQUIVALENTS OF * SCORE MEANS AND DIFFERENCES 


Experimental Group Control Group 
Variable 
O.D.sc O.S.se O.U.sec O.S.sc 
[ score Pre- 48.76 49 45 
Post- 54.80 55.2 55.21 
Diff 6.04 q 5.76 


Decimal Pre- 0.156 5 204 0.166 
Post- 0.253 274 319 2 0.127 
Diff 0.097 115 5 —0 .039 


Fraction Pre- 20/128 2 98 2 20/120 
Post- 20/79 2 63 2 20/157 


».D.ce : S.cc O.S.ce 

T score Pre- 49.23 5 : 50.5: 5 51.00 
Post- 55.67 55.. 55 43.60 

Diff. 6.44 * 5.11 - -7.40 


Decimal Pre- 0.795 . : 0.857 
Post- 0.960 ‘ 75 0.625 
Diff. 0.165 .232 


Fraction Pre- 20/25 20/21 20/23 20/23 
Post- 20/21 20/2 20 ) 20/30 20/32 


percent of the control group decreased, 11 responding medians and modes of the dis 
percent were unchanged and 10 percent im- tributions of the two groups, for pre- and 
proved to some extent. postexaminations, are reported in Table 7.* 


ANISOMETROPIA * The mean, or arithmetic mean, is the weighted 
average of all scores and is the most commonly 
used measure of group central tendency. However, 
the mean is an accurate measure of central tend- 
diopters, between the spherical equivalents of ency only when the distribution of scores is 
symmetric. In the present case, the distribution 
of anisometropia scores is not symmetric, but 
skewed, with a considerable pile up at zero. Ac- 
tion of these difference scores, and the cor- cordingly, two other measures of central tendency 


An estimate of anisome’ropia was ob- 
tained in terms of the absolute difference, in 


the two eyes, regardless of sign, at each 
examination. The mean and standard devia- 


TABLE 6 


REFRACTIVE ERROR RESULTS: MEANS AND STANDARD DEVIATIONS OF SPHERICAL EQUIVALENT FOR EXPERI- 
MENTAL AND CONTROL GROUPS, PRE- EXAMINATIONS AND POSTEXAMINATIONS, FOR 
O.D. anp O.S., SEPARATELY 


Experimental Group Control Group 
Variable 
0.D O0.D 


No. of cases 70 58 


Pre-examination 2 


Post-examination —2.03 
2 1.26 


Difference +0.24 +0.19 
t 5.54 4.35 
p <0.01 <0.01 
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O.U.s« 

49 

45.27 

4.41 
0.206 
0.153 
0.053 

20/97 

20/131 

O.U.ce 

50.74 

43.58 

7.16 
0.929 
0.705 
0.224 

20/21 

20/28 

59 

2.42 
S.D. 1.47 1.33 1.05 1.05 

1.15 1.13 

-0.28 —0.30 

7.15 7.10 

<0.01 <0.01 
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rABLE 7 
\NISOMETROPIA RESULTS: MEANS AND STANDARD DE- 
VIATIONS, MEDIANS AND MODES OF ANISOME- 
TROPIA ESTIMATES FOR EXPERIMENTAL AND 
CONTROL GROUPS ON PRE- AND POST- 
EXAMINATIONS 


Experimental 
Group 


Control 


Group 
Variable I 


Pre- Post- Pre- Post- 


No. of cases 7 70 

Mean 0.39 
S.D. . 0.50 
Median 2! 0.25 
Mode 0.0 


The distributions of anisometropia scores 
are skewed toward the zero extreme. How- 
ever, it is apparent from Table 7 that ani- 
sometropia was not affected by the tachisto- 
scopic training. 


FoRM FIELD 


Size of form field was estimated for each 
eye by measuring the four radii at 90- and 


are appropriate to compare groups. The median is 
the midpoint, above and below which 50 percent 
of the cases fall; it is not as sensitive as the mean 
to a few extreme cases at either end. The mode 
is the occurring most frequently. In this 
the mode of both groups, on both test occa- 
more members of both 


score 
case, 
showing that 
groups, on both occasions, have 0 anisometropia 
location of the median 
shows clearly the 


sions, is 0, 
than any other score. The 
between the mean and 
nature of the asymmetry of the distribution 


mode 


180-degree angles on the perimeter chart. 
The results, in degrees, representing the 
average of four radii, are summarized in 
Table 8. 

Although the pretest form fields of the 
control group are slightly higher, the differ- 
ences between the means are not significant. 
The results, with regard to the effects of 
training, on the other hand, are highly signi- 
ficant and follow the pattern already seen 
with visual acuity and refractive error. The 
form fields of the experimental group in- 
creased, on the average, and those of the 
control group decreased. The improvement 
of the experimental group (average of two 
eyes =10.52) is greater in magnitude than 
the decrease of the control group (average 
of two eyes =4.16). The same trend appears 
in an analysis of changes in individual cases. 
Of 75 experimental cases, 72 increased, one 
was unchanged, and two decreased, while of 
56 control cases, 49 decreased, one was un- 


changed, and six increased. 


READING SPEED 


Reading test scores were analyzed only for 
subjects between the ages of 11 and 26 


years. This selection was necessary to elim- 


inate factors associated with age, at both 
extremes. Data were usable for 45 experi- 
mental and 41 control cases, Raw scores, in 
terms of number of words read per minute, 


TABLE 8 


FORM FIELD RESULTS 
MENTAI 


Variable 


No. of cases 


Pre-test 


Posttest 


Difference 
t 
p 


Experimental Group 


MEANS AND STANDARD DEVIATIONS OF FORM FIELD ESTIMATES FOR EXPERI- 
AND CONTROL GROUPS ON PRE- AND POSTEXAMINATIONS 


Control Group 
O.S. 0.D 
74 


28 .03 
8.54 


39.19 
7.41 


11.16 
13.61 
<0.01 


58 58 
0.45 0.44 
0.49 0.51 
0.25 0.25 
0.0 0.0 
. 
O.D 
75 
Mean 28.89 | 32.48 32.79 
S.D 8.57 9.29 9.36 
Mean 38.77 | 28 .32 28 .64 
S.D. 7.56 7.95 8.23 
9.88 —4.16 —4.15 
13.96 7.95 6.05 
<0.01 <0.01 <0.01 
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TABLE 9 


READING SPEED RESULTS: MEAN AND STANDARD DE- 
VIATION OF T SCORES REPRESENTING DIFFER- 
ENCES BETWEEN NUMBER OF WORDS READ 
PER MINUTE AT PRE- AND POSTTESTS BY 
EXPERIMENTAL AND CONTROL GROUPS 
(SUBJECTS BETWEEN 11 AND 26 
YEARS ONLY) 


Experi- 
Variable mental 
Group 
No. of cases 45 41 
Mean (difference) 57.13 42.59 
Standard deviation 
(difference) 6.60 5.81 
t (of mean difference) 11.74 
p <0 01 


were used to obtain differences between pre- 
and posttests. These differences were trans- 
scores, with mean of 50 and 


10. The 


formed to T 
standard deviation of results are 
shown in Table 9. 

These data indicate a significant difference 
in favor of the trained subjects (experi- 
mental group) in improvement of reading 
speed. 

STATUS TO CHANGE 


RELATION OF INITIAI 


Inasmuch as several writers have stated 
that only low degrees of myopia can be re- 
duced by training, the relation of initial 
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measures were computed for visual acuity, 
refractive error, and form field. The cor 
relations are shown in Table 10. For visual 
acuity, correlations were computed for O.D. 
and O.S.; without correction, only, since 
these will be representative of the visual 
acuity findings. 

The pre- and postmeasures are all highly 
correlated, those for refractive error being 
the highest. These correlations indicate a 
high degree of relationship between the early 
and late measures for the same individuals, 
reflecting the reliability of these functions. 
The relative magnitude of the correlations 
for refraction, visual acuity, and form field 
to the 
and 


is roughly inversely proportional 
of change 


in Tables 4, 


erally lower correlations for the experimental 


amount reported earlier 


shown 5, 6, and 8. The gen 
group for visual acuity and form field may 
further be interpreted to indicate that the 
rank order within this group is changed 
more as a result of training, whereas the 
rank order within the control group, which 
received no training, is less disturbed by the 
mere passage of time. 

In contrast to the pre-post correlations, 
those between initial measures and differ 


ences (reflecting change from pre- to post 


visual measurement to final and change measures) are much lower. All of the cor 
TABLE 10 
CORRELATIONS BETWEEN PRE- AND POSTMEASURES OF VISUAL ACUITY, REFRACTION AND FORM FIELD AND 
BETWEEN PRE- AND CHANGE (POST-PRE) MEASURES 
Experimental Group Control Group 
Variable 
r( pre- No. r(pre- No r( pre- No. r(pre- No. 
post) change) post) change) 
Visual O.D.s« 0.87+ 80 0.32+ 80 0.97+ 60 0.04 60 
Acuity O.S.se 0.82 80 —0.27* 80 0.95t 60 0.09 60 
O.U.se 0.87+ 76 0 .96t 59 
O.D.ce 0.72+ 75 0.87t 58 
O.S.cx 0.73+ 75 0. 80+ 58 
O.U.ce 71 0. 80+ 57 
Refraction’ O.D. 0.97+ 70 —0.27* 70 0.971 58 0.30* 58 
OS. 0. 96+ 71 —0.31* 71 0 .96+ 58 0.15 58 
Form field? O.D. 75 —0.51t 75 0. 88t 56 -0 52 
O.S. 0.74 74 —0.54+ 74 0.84t 56 0.33* 51 


*p<0.085. 
t p<0.01. 


t Refraction, based on retinoscopy under cycloplegic, converted to spherical equivalent. 
* Form field, in degrees, based on average of 90- and 180-degree radii on perimetry chart 
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relations for the experimental group are 
Significant at at least the five-percent level 
and all are negative, indicating, contrary to 
expressed opinions cited above, that those 
the 
tended to improve the most. This tendency is 


with greatest deviation below normal 
greatest for form field and about equal for 
visual acuity and refraction. For the control 
group, the corresponding visual acuity cor- 
relations are insignificant, which is under- 
standable in view of the extremely high cor- 
relations between pre- and postmeasures. 
One of the two correlations for refractive 
error, for the control group, is marginally 
significant but the signs of both coefficients 
are positive, suggesting that the trend in di- 


the 


myopic cases to be most progressive. The 


rection of deterioration is for more 


control group correlation coefficients for 
form field are comparable with, but only 
slightly lower than, those for the experi- 
mental group. The meaning of these relation 


ships is not clear. 


RELATIONS AMONG VISUAL ACUITY, 


REFRACTIVE ERROR, AND FORM 


FIELD MEASURES 


Up to this time the various measures used 
in this study have been considered separately. 
It is of interest to examine the degree of 
relationship among them and this has been 
analyzed for the three of greatest interest. 

Table 11 


shows the intercorrelations of 


pre- and postmeasures, separately, for visual 
acuity (without correction), refractive error, 
and form field. These correlations were com- 
puted for O.D. only, as representative of 
the relationships involved. 

The correlation between visual acuity and 
refractive error is 0.58 and 0.70, respectively, 
for experimental and control groups on pre- 
test and 0.66 and 0.68 on posttest. These 
relationships are significant but nevertheless 
leave almost 60 percent of the common vari- 
the unex- 
plained.* Hence, there are many possible 


ance between two measures 
factors accounting for each which are inde- 
pendent of the other and it is possible for 
changes to occur in visual acuity as a result 
of such factors (for example, visual control 
and perceptual habits) without reference to 
concomitant changes in refractive error. 
The correlations of visual acuity and form 
field are all significant, but lower than those 
just examined. As in the previous correla- 
tions, these are also higher, but not signifi- 
cantly so, for the control group. These cor- 
relations again show a significant positive 
relationship but leave about 75 percent of the 
common variance unexplained. Hence it is 


* The percent of common variation among two 
variables is estimated by the square of the cor- 
relation coefficient. Thus, if r = 0.60, 36 percent of 


the variation in each is attributed to the same 
factor, whereas if r=0.90, 81 percent of the 
variation is related to a common factor. The pre- 
sumption of common factors related to their varia- 


tion increases as their correlation increases. 


TABLE 11 


INTERCORRELATIONS OF VISUAL ACUITY (WITHOUT CORRECTION) REFRACTIVE ERROR AND 
FORM FIELD, O.D. ONLY, FOR PRE- AND POSTMEASURES 


Correlation Coefficient 


Pre-visual acuity w. refractive error 
Pre-visual acuity w. form field 
Pre-refractive error w. form field .05 


Post-visual acuity w. refractive error 
Post-visual acuity w. form field 
Post-refractive error w. form field 


* p<0.05. 
t p<0.01 


Experimental Group 


.58t 


Control Group 

No. r J 
70+ 
49+ 
36t 


.68t 
.44t 
.33* 


| 
Oo. 
9 
3 
5 
0.66t 73 0 56 
0.26* 74 0 49 
0.04 70 0 49 
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possible for either to be affected by training 
without reference to the other. 

The correlations between refractive error 
and form field are close to zero for the ex- 
perimental group and low, positive, and 
significant for the control group. The differ- 
ences between the two groups are not easy 
to understand and must be regarded an 
anomalous, as in the case of the form field 
correlations in Table 10. 


GENERALITY OF CHANGE 


In view of the uniform results with refer- 
ence to visual acuity, refractive error, and 
form field, the experimental group gener- 
ally improving and the control group gener- 
ally showing deterioration, it is of much 
interest to examine whether such changes are 
generalized, that is, associated with each 
other. This has been done by computing the 
intercorrelations among the change measures, 
separately for each group, as shown in Table 
12. 

Examination of Table 12 indicates that the 
correlations for both groups cluster about 
zero; none is significant. It may, therefore, 
be concluded that change on any variable 
among the three included is independent of 
change on the others. 


DISCUSSION OF RESULTS 


In one respect the results of this study 
constitute the most favorable demonstration 
of visual training effects known to us. This 


TABLE 12 


INTERCORRELATIONS OF CHANGE MEASURES (POST- 
PRE) FOR VISUAL ACUITY (WITHOUT CORREC- 
TION), REFRACTIVE ERROR AND FORM FIELD, 

O.D. onLY 


Control 
Group 


Experimental 
Correlation Group 
Coefficient 
r N 


Visual acuity w. 
refractive error 

Visual acuity w 
form field 

Refractive 
w. form field 


—0.03 


0.06 
error 


0.04 
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is the sweeping generality and consistency of 
the changes in visual functions obtained in 
both the experimental and control groups. 
In this section the magnitude and practical 
significance of these results will be evaluated 
and some hypotheses will be advanced to 
account for them. 

The most striking changes occurred in 
visual acuity. The changes in form field and 
in reading speed were highly significant, but 
not as great. The changes in refractive error 
were significant, but small. Although the 
changes in these functions were unrelated, 
as seen in their intercorrelations, they oc- 
curred uniformly in the direction of im- 
provement for the trained experimental 
group and uniformly in the direction of 
poorer visual performance for the untrained 
control group. 

The visual acuity results are summarized 
in terms of original scores and transforma 
tions (table 5). The average improvement in 
uncorrected visual acuity of the trained sub- 
jects was 64 percent for O.D. and O.S. and 
56 percent for O.U. This is equivalent to 
an improvement of four lines on the AMA 
test chart. The corresponding changes for 
this group, with correction, are less, as might 
be expected. They were 19 percent for O.D 
and O.S. and 11 percent for O.U., which is 
equivalent to a gain of one iine or less on the 
AMA test chart. Ninety-three percent of 
this group showed some improvement. 

The 
acuity of the control subjects was 27 percent 
for O.D. and O.S. and 26 percent for O.U., 
which is equivalent to about two to three 


average loss in uncorrected visual 


lines on the AMA test chart. The average 


loss in visual acuity with correction is 
slightly less, 24 percent for O.D. and O.S. 
and for O.U., 


Ninety-eight percent of the control cases had 


or about one to two lines. 


some loss in visual acuity from initial to final 
examination. 

The average increase in size of form field 
for the experimental group was 37 percent 
while the average decrease for the control 
group was 13 percent. Ninety-six percent of 


r N 

70) —0.13 56 

74 0.26 49 

66 —~0.01 48 
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the experimental cases had an increase, while 
88 percent of the control cases had a de- 
crease. 

The corresponding changes in refractive 
error follows. The improvement 
(that is, 
group was nine percent (0.22D.), while the 


were as 
reduction) for the experimental 
average loss (that is, increase) for the con- 
trol group was 12 percent (0.29D.). Sixty- 
nine percent of the experimental cases had 
some reduction of refractive error, while 79 
percent of the control cases had some in- 
crease. 

If the losses in the control group were 
progressive, they would be severely handi- 
capped without a change in their lenses at the 
end of a year and probably would require 
much stronger myopic correction within a 
few years. It is unlikely that loss of visual 
functions would be progressive so generally 
or that debilitative processes would be so 
rapid. This observation raises questions con- 
cerning the meaning of the control group 
results. 

Two hypotheses must be considered in this 
connection. The first is that the ophthalmolo- 
gists who performed the examinations were 
aware of the status of subjects they ex- 
amined as members of either experimental 
or control group and that their examination 
results reflected constant errors as an inad- 
vertent effect of such knowledge. Such an 
explanation might readily account for the 
results on refractive error, since one quarter 
of a diopter, which is the average change of 
each group, is within the range of error in 
accurate determination of refractive error by 
retinoscopy. It might also account for the 
visual acuity and form field results of the 
control group and part of the results of the 
experimental group, although the magnitude 
of differences obtained in these functions is 
greater than might reasonably be explained 
as simple errors of measurement. 

The ophthalmologists who performed the 
examinations were interviewed with refer- 
ence to this possibility. They were not specifi- 
cally aware of the status of the subjects ex- 


amined, although they did record their find- 
ings on the record sheets, which did identify 
the subjects. These doctors were not con- 
vinced advocates of the training technique, 
but professed open-minded scientific atti- 
tudes in co-operating in the research. Hence, 
they were not biased in favor of a particular 
result. Nevertheless, it is possible that some 
of the bias in the data could be accounted for 
on the basis of inadvertent knowledge. How- 
ever, even if the amount of change in the 
control group was taken as a liberal estimate 
of constant error, the residual improvement 
in the experimental group in visual acuity, 
form field, and reading speed would be sub- 
stantial. Following this reasoning, the refrac- 
tive differences would be cancelled out and 
the net visual acuity improvement due to 
training would be 30 percent (two lines), 
while the net increase in size of form field 
would be 20 percent. 

The second hypothesis is derived from the 
differences in motivation of the 
two groups. It may be said that the co-opera- 
tive subjects, who strongly desired to take 
the training and report regularly and 
promptly, tended to be placed in the experi- 
mental group, while the unwilling, or less co- 
operative, subjects, who were unable to or 
uninterested in keeping their training ap- 
pointments, tended to gravitate into the con- 


observed 


trol group. Since the most substantial results, 
namely those for visual acuity, form field, 
and reading speed, involve functions which 
depend in large part on learning, it is reason- 
able to expect that the more highly motivated 
subjects would improve as a result of con- 
sistent practice and effort. 

The motivation hypothesis does not ex- 
plain the losses of the control group. How- 
ever, taking this together with the first hypo- 
thesis, of inadvertent measurement bias due 
to knowledge of subjects’ status, a meaning- 
ful explanation of the findings may be pro- 
posed. If this is accepted, the importance of 
motivation in visual training is highlighted 
and this may further explain the differences 
between the favorable results of this experi- 
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ment and the less favorable results obtained 


by other investigators cited earlier. In such 


research an objective measure or rating of 
motivation is indicated, as demonstrated by 
the foregoing discussion. 

In view of the foregoing discussion, the 
mean net improvement obtained in the 
trained group, after subtracting the mean 
decrease in visual performance of the con- 
trol group, as a correction for constant 
errors due to knowledge of subject’s status 
and motivational differences, is accepted as 
a valid estimate of the effects of tachisto- 
scopic training in this study. This has been 
found to be 30 percent in visual acuity and 
20 percent in size of form field. With this 
correction, the changes in refractive error 
are cancelled out. 

These results have important implications. 
It is reasonable that refractive error, meas- 
ured by retinoscopy under cycloplegia, 
should be resistant to change purely as a re- 
sult of visual practice. This measure of re- 
fractive error is primarily a function of the 
structural, anatomic, optical properties of 
the eye, plus errors of measurement. Visual 
acuity and form field, on the other hand, 
involve learned habits of seeing, such as 
associating various perceived cues with ob- 
jects, of searching and fixating, in addition 
to the optical qualities of the eye. Hence, it 
is also reasonable to find improvement in 
these functions by practice, even in myopic 
patients, especially since they were so highly 
motivated. 

It is not possible to assign relative impor- 
tance to the structural and behavioral compo- 
nents of these functions ; however, one might 
also raise a question concerning the limits 
of improvement which could be expected 
through the type of tachistoscopic visual 
training employed in the present study. The 
training schedule followed covered a period 
of 10 weeks. It is probably most appropriate 
to note that the limits of improvement were 
not tested in this study and that this is a 
problem for further research. Additional 


training, periodic testing during training, 
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and certain variations in the training curricu 
lum should be investigated further. Nothing 
can be said, on the basis of the data pre- 
sented, about the duration or permanence of 
the gains obtained. This, too, is an impor 
tant problem for further investigation. 


SUMMARY AND CONCLUSIONS 


This experiment was conducted to test the 
effects of a program of tachistoscopic visual 
training, developed by Renshaw“ on several 
visual functions in myopic subjects. Two 
groups of structural myopic subjects, un 
complicated by an ocular pathologic, altera 
tion, were used. The experimental group 
consisted of 80 subjects who were judged to 
be highly motivated to participate in and 
benefit by the training program. The control 
group included 60 subjects whose motivation 
was judged to be poor, if not somewhat 
negative, despite the fact that they, too, were 
The 
age, 
nomic status, and initial visual measurements. 


volunteers. two groups were well 


matched in sex, education, socio-eco- 
Both groups received pre-examinations by 


ophthalmologists, which included _retinos- 
copy under cycloplegia, visual form fields, 
visual acuity, retinal rivalry rate, motility 
studies, and routine ophthalmologic examina 
tion of the eyes. The experimental group 
then received three tachistoscopic training 
sessions per week for 10 weeks, while the 
control group received no training, but fol- 
lowed their normal routines during this 
period. At the completion of the training 
received final ex 


course, the two 


aminations identical to the initial examina 


groups 


tions. The effects of training were deter 
mined for the experimental group in terms 
of the differences between initial and final 
measurements and these were compared with 
the corresponding differences for the control 
group, which received no training. 

The raw results indicated a general trend 
toward improvement in visual acuity, size of 
visual form field, refractive error, and read 
ing speed in the experimental group, and a 
similar trend toward deterioration of these 
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functions in the control group. The follow 
ing specific results were obtained: 

1. Ninety-three percent of the experi- 
mental group improved in visual acuity with- 
The 
equivalent to four lines on the AMA test 
chart, of 56 to 64 percent, from 20/128 to 
20/79 (O.D., sc), 20/121 (O.S., 
20/98 to 20/63 (O.U., sc). These 


out correction. average increase was 


to 20/75 
sc), anc 
changes were significant beyond the 0.01 
level. Similarly significant, but smaller in- 
creases of 19 percent (O.D. and O.S.) and 
(O.U.) 
acuity with correction. 

2. Ninety-ei 


11 percent found for visual 


vere 


ght percent of the control 
group incurred a loss of visual acuity which 
averages 26 to 27 percent, from 20/110 to 
20/157 (O.D., sc), 20/120 to 20/157 (O.S., 
sc), and 20/97 to 20/131 (O.U., sc). The 
losses in visual acuity, with correction, were 
of the same magnitude. All differences were 
significant beyond the 0.01 level. 

3. The average increase in visual form 
field was 37 percent for the experimental 
group, while the average decrease for the 
control group was 13 percent. Ninety-six 
percent of the experimental cases increased 
while 88 percent of the control cases de- 
creased. The differences were both signifi 
cant beyond the 0.01 level. 

4. The corresponding changes in refrac- 
tive error were an average reduction of 
0.22D. for the experimental group (nine per- 
cent improvement) and an increase of 0.29D. 
group (13 
Sixty-nine percent of the experimental cases 


for the control percent loss). 
had some reduction of refractive error, while 
79 percent of the control cases had some 
increase, 

5. The mean amount of anisometropia in 
both groups ranged from 0.41D. (experi 
mental group) to 0.45D. (control group). 


No significant changes were observed in 


either group. 
6. The experimental group read a signif- 


icantly greater number of words per minute 


after training than the control group after a 


comparable period of time. 


7. Correlations between initial measures 
and change scores tended to be negative for 
the experimental group, suggesting that the 
subjects with most impairment increased the 
most. These correlations were significant, but 
low: 
—0.27 to 
—0.51 to 
is contrary to opinions expressed in the 


—0.27 to —0.32 for visual acuity, 
—0.31 
—0.54 for form field. This result 


for refractive error, and 


ophthalmologic literature. 

8. Changes in visual acuity, refractive 
error, and visual form field, in both groups, 
were uncorrelated with each other. Initial 
measures of these variables were positively 
correlated, but the magnitude of the correla- 
tions was such that a large proportion of the 
common variance was unaccounted for, sug- 
gesting that substantial changes in any of 
these variables might occur without refer- 
ence to the others. 

The losses observed in the control group 
were analyzed and interpreted as accountable 
to a large extent as constant errors resulting 
in part from knowledge of the subjects’ 
status on the part of the ophthalmologists 
who performed the examinations and in part 
from the poor motivation of the subjects. In 
order to obtain a conservative appraisal of 
the positive effects of training on the highly 
motivated experimental group, the average 
loss of the control group might be taken as 
a liberal estimate of error and subtracted 
from the average gains of the experimental 
group. This would give the following re- 
sults: (1) no change in refractive error ; (2) 
30 percent (two lines) improvement in 
visual acuity (without correction) ; and (3) 
20 percent increase in size of visual form 
field. 

This estimate of the effects of the specific 
course of training in the present experiment 
is believed to be conservative. The motiva- 
tion of the trained subjects was, however, a 
noteworthy distinguishing this 


from others reported in the oph- 


condition 
study 
thalmologic literature, 

Investigators who may do further research 
in this field may well profit by the experience 
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of this study and take additional precaution 
to assure that controls recognized in the ex- 
perimental design are actually achieved in the 
data. It is suggested that further research 
should explore the limits of training im- 
provement which might be derived from 
additional or somewhat varied training cur- 
ricula and should include follow-up studies 
to investigate the permanence of improve- 
ments obtained. The need for including ob- 
jective measures or ratings of motivation, 
in evaluating results, is obvious. Such meas- 
ures would be a major addition to research 


methodology in this field. 
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DISCUSSION 


Dr. Henry A. Imus (Bethesda, Maryland): It 
is both a pleasure and an honor to be invited to 
and important paper 


discuss this most interesting 


m the question concerning the effects of visual 


training on myopic patients 

As the authors have this 
troversial subject, and many points of view have 
been expressed rather strongly in the literature 
In my own opinion, this report greatly clarifies the 
situation. 

In clinical work it is difficult to establish and 
maintain controls, and it is most difficult to make 
sure that all of the subjects obey the rules and 
return for and tests. I 
think that their associates are to 
be congratulated upon the degree of success they 
have achieved in this matter 

Since one third of the control group were sub- 
jects dropped from the experimental group for un- 
satisfactory attendance, this may bias results some- 
what. It would be interesting to know how the 
visual acuity and refractive errors of these 20 
subjects compared with the experimental group. 
Also, if any further research is conducted on this 
problem, neither the examiner nor the subject 
should know whether the individual being exam- 
ined belongs to the control or experimental group. 


indicated, is a con- 


follow-up examinations 


the authors and 


This so-called “double-blind” technique is proving 
to be a very valuable tool in clinical research. 

It is difficult to understand the greater variabil- 
ity in refractive error and visual acuity in the 
experimental group as compared with the control 
group, as shown in Table 2. If these two groups 
were strictly comparable, one might expect the 
variability in these measures to be equal. 

It is difficult to understand, also, the deteriora- 
tion of the control group in both refractive error 
and visual acuity. The difference in time between 
test and retest for the two groups does not offer a 
logical explanation. 

The improvement in apparent visual acuity as 
a result of the training given to the experimental 
group is statistically significant. That this is due 
to learning to interpret blurred images rather than 
to marked changes in refractive error is well 
established. The increase or decrease of the latter 
of approximately one-quarter diopter is not very 
important, albeit statistically significant, when the 
probable error of measurement is one-eighth diop- 
ter. In this connection, it would have been most 
valuable to have determined the test-retest reli- 
ability of the examiners themselves. 

If possible, it would be most interesting to repeat 
this experiment, using the controls as the experi- 
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mental group and the trained subjects as the con- 
trol group. The experiment 
would show the relative permanence of the differ- 


pretest in such an 
ences demonstrated in this experiment 

Again, may I say, this has been a difficult job 
very well done under the circumstances of dealing 
with clinical patients of lower than average edu- 
cational achievement, some of whom were poorly 
motivated 

Dr. T. E. Sanpers (Saint Louis): I should like 
to ask Dr. Berens a because we were 
co-authors on a similar project a number of years 
ago. 

We found that practically any myopic patient 
who had an error of over two diopters received no 
benefit from the training. It was only the patient 
with a low degree of myopia who showed improve- 
ment. We felt the higher myopes showed little im- 
provement and, therefore, we felt that this was one 
of the big objections to the method. In other words, 
the degree of myopia had much to do with our 
I wonder if Dr. Berens found that also 


question, 


results 
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(closing): The investiga 


Imus for his kind discussion 


Dr. Louts J. Grrarp 
tors wish to thank Dr 


We are certainly cognizant of the many variable 
and uncontrollable factors that were present in 
this investigation. 

We were unable to explain the variability in 
refraction and the visual acuity in the experi 
mental group. We also were unable to explain the 


degree of deterioration of the control 
such a short period of time 

The investigators agree with Dr 
the improvement in visual 
from training is probably an 
ception, probably 
images. 

It would have been very valuable to have tested 
the test-retest reliability of the examiners as sug- 


group in 


Lancaster that 
acuity which results 
improvement in per 
in the interpretation of blurred 


gested by Dr. Imus. This was not checked. To 
answer Dr. Sanders, it was found in our study 
that the higher degrees of myopia showed the 


greatest change, which exactly 


of the Saint Louis study 


was the opposite 


THE HUMAN OPTIC PAPILLA* 


A DEMONSTRATION OF NEW 


ANATOMIC 


AND PATHOLOGIC FINDINGS 


J. Retmer Wo cter, M.D. 


Ann Arbor, Michigan 


INTRODUCTION 


The optic papilla represents a very im- 
portant part of the human eye. It is com- 
posed of neurites, glia, connective tissue, and 
blood vessels, and has an extremely compli- 
cated architecture. Pathologic changes in 
human eye diseases involve very often the 
optic papilla. It must be emphasized here that 
the optic nerve and papilla are parts of the 
central nervous system and not of a true 
peripheral nerve. 

In the present contribution it is intended 
to demonstrate new anatomic and pathologic 
findings which may explain some of the 
common clinical observations following in- 


* From the Laboratory of Neuro-ophthalmology 
and from the Department of Ophthalmology of the 
University of Michigan Hospital, Ann Arbor. Sup- 
ported by Grant No. B-475-C3 of the United States 
Department of Public Health, Education, and Wel- 
fare. 


volvement of the optic nervehead in eye 
diseases. This study is a continuation of the 
two earlier demonstrations on “the astroglia 
of the human retina and other glial elements 
of the retina under normal and pathologic 
conditions”? and “reactions of the elements 
of retina and optic nerve in common morbid 
entities of the human eye’ which were read 


before this association in 1955 and 1956. 


MATERIAL AND METHOD 


The human eyes used in this study were 
obtained either after surgical enucleation or 
at post mortem. All eyes were fixed in for 
malin or bromformalin. The silver carbonate 
methods of del Rio Hortega were used to 
stain frozen sections of the optic nerves of 
the eyes. These methods make it possible to 
stain selectively the neurites and the glial 
cells as well as the blood vessels and the 
tissue structures of 


connective the optic 


THE 


Fig. 1 


nervehead of 
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section of optic 
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papilla and their pathologic changes. The 


potentialities and the technique of these 
methods were described in detail by Scharen- 
berg and Zeman. 

All illustrations contained herein are un- 


retouched phe ytomicre gral yhs. 


HISTOLOGIC DESCRIPTION 


The optic papilla virtually represents a 
round sievelike structure at the posterior 
pole of the globe. Its architecture provides 
for a well-protected outlet of all neurites of 
the nerve-fiber layer of the retina which 
form the optic nerve. There is as little weak 
ening of the dense outer layer of the eyeball 
as possible. 

The supporting structures of the papilla 
consist of a posterior and anterior portion 
(comp. fig. 2). The posterior portion 1s 
formed by a sievelike, intertwined structure 
of connective-tissue fibers and is well known 
as the lamina cribrosa of the optic nerve. 
This structure is actually a part of the sclera. 
The anterior portion of the optic papilla re 
sembles a shallow, caplike wicker basket 
(figs. 2 and 3) and is composed of special 
retinal astroglia. This anterior glial part of 


HUMAN OPTIC PAPILLA 


Fig. 2 (Wolter). Glia stain of longitudinal sec- 
tion of normal human optic nervehead. (a) Nerve 
fiber layer of the retina. (b) Basketlike anterior 
portion of the lamina cribrosa. (c) Lamina cri- 
brosa. (Hortega method, photomicrograph. ) 


the human optic papilla has been widely 
ignored in the literature. 

All neurites of the nerve-fiber layer of the 
retina undergo in the papilla a 90-degree 
flexion from the retina into the optic nerve 
(fig. 1). It is the function of the caplike 


wicker basket mentioned above to protect 


and support these neurites at this vulnerable 
point of flexion. This basket is composed of 
a special type of astroglia with long processes 
(glial fibers) and small cell bodies. These 
(fig. 7) 
They are of neuro- 


cells are known as “spider cells” 
(comp. Marchesani*). 
ectodermal origin. These cells form dense 


networks of glial fibers around the bundles 


Fig. 3 (Wolter). Drawing reconstruction of the 
caplike formation of spider cells of the anterior 


portion of the lamina cribrosa. 
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of neurites and around single nerve fibers 
with most of their long processes. But they 
also send many processes to the capillaries 
which are contained within this basket and 
form dense sheaths around them. This glial 
sheathing of the capillaries results in a func- 
tional separation between the mesodermal 
tissues of the blood vessels and the neurites. 

The glial basket of “spider cells” is closely 
connected to the lamina cribrosa with its base 
(fig. 2). Many holes in the anterior surface 
of the caplike apparatus contain the bundles 
of neurites and its structures lead these 
bundles in a gradual flexion toward the 
perforations in the lamina cribrosa. This 
glial basket is connected to the lamina cri- 
brosa with its posterior surface (base). It is 
also connected at its margin with Bruch’s 
membrane of the choroid, and with the ring- 
shaped spore of the sclera at the margin of 
the disc. The arrow in Figure 4 indicates 
the area of this between the 
“spider cells” of the anterior portion of the 


connection 


papilla, Bruch’s membrane, and the scleral 


spore. 

Obviously, the caplike anterior glial por- 
tion of the optic papilla is an important sup- 
porting, protective, and nutritive organ of 


the optic nerve fibers which traverse it. It 
has mostly a round anterior surface (fig. 3). 
This surface, however, may normally have a 
central impression if there is a physiologic 
excavation of the optic disc. 

The sievelike structure of the lamina cri- 
brosa is normally of a very regular and deli- 
cate pattern (fig. 5). Intertwined connective 
tissue fibers which are found to be a direct 
continuation of the scleral connective tissue 
form many round holes for the bundles of 
neurites. These fibers are also directly con- 
nected with the wall of the central blood 
vessels. The perforations of the lamina cri- 
brosa, however, contain not only the nerve 
fibers but also their accompanying system of 
astroglia which separates the connective tis- 
sue fibers from the neurites (fig. 8). This 
system represents the supporting and nutri- 
tive structure of the single nerve fibers, The 
lamina cribrosa 


whole apparatus of the 


therefore resembles a coarser network of 
connective-tissue fibers which contains an- 
other more delicate network of astroglia in 
its spaces (fig. 8). 

No hypertrophy or active proliferation of 
the elements of the anterior glial basket of 
the optic papilla was observed under patho- 


Fig. 4 (Wolter). High-power view of a glia stained section of the optic nervehead shows the connec- 
tion of Bruch’s membrane, the scleral spore at the disc margin, and the surface of the basket of spider 


cells (arrow). (Hortega stain, photomicrograph.) 
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Fig. 5 (Wolter). Cross section of the normal 
human optic nervehead through the area of the 
lamina cribrosa. The delicate architecture of the 
lamina cribrosa and its anchorage in the surround- 
ing sclera and in the walls of the central vessels 
are visible. The dark-stained surrounding represents 
connective tissue. (Hortega 


the dense scleral 


method, photomicrograph. ) 


logic conditions. This basket, however, shows 
advanced atrophy in all pathologic situa- 
tions which result in degeneration of the 
optic nerve fibers. A virtually complete de- 
struction of this glial basket can often be 


Fig. 6 (Wolter). Hypertrophy of the lamina 
cribrosa in a case of optic nerve atrophy follow- 
ing advanced retinitis pigmentosa. The connective 
tissue fibers of the lamina cribrosa are much 
coarser, and the central artery is much smaller 
than normal. (Hortega method, photomicrograph.) 


observed in cases of advanced glaucoma. 
Hypertrophy of the glial and connective 
tissue structures of the lamina cribrosa occur 
in cases of primary and secondary optic 
nerve atrophy. Newly formed connective 


Fig. 7 (Wolter). High-power view of the spider cells of the anterior portion of a normal human optic 
papilla. (Hortega method, photomicrograph. ) 
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Fig. 8 (Wolter). High-power view of glia-stained section of the lamina cribrosa of a normal human 
eye. The connective tissue structures (arrow) which contain the blood vessels are only slightly impreg 
nated. The glia fibers in the spaces of the coarser network of connective tissue fibers represent a delicate 
network. (Hortega stain, photomicrograph.) 


Fig. 9 (Wolter). Extreme hypertrophy of the connective tissue structures of the lamina cribrosa in a 
case of advanced secondary glaucoma. (Cross section of optic nervehead, Hortega method, photomicro- 
graph.) 
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Fig. 10 (Wolter). Parallel section to Figure 9 
at a more anterior level. The 


part ina deep glaucomatous excavation 


amina cribrosa takes 
The an- 
ompressed into a 
s. The nerve-fiber 


terior basket of spider cells is 
layer of glial cell 
disappe ired 


dense shallow 
virtually 
photomicr 


layer has (Cross section, 


Hortega method, graph.) 
tissue fibers and hypertrophic astroglia then 
replace the degenerative nerve fibers. 

Figure 5 shows a flat section through the 
lamina cribrosa of a normal eye. Figure 6 
for comparison represents a similar section 
of an eye with optic nerve atrophy follow- 
ing advanced retinitis pigmentosa. The hy- 
pertrophy of the supporting structures is 
clearly visible ; there is extensive atrophy of 
the nerves and the central artery is very 
small. 

Figure 9 exhibits extreme hypertrophy of 
the lamina cribrosa as seen in a case of ad 
vanced secondary glaucoma in a 70-year-old 
man. Figure 10 represents a parallel section 
to Figure 9 at a more anterior level. This 
latter section shows that the lamina cribrosa 
in this case takes part in the formation of a 
deep glaucomatous excavation. The spaces of 
the lamina cribrosa contain virtually no 
nerves and are filled with the scarlike fibers 
of hypertrophic astroglia (fig. 11). The an- 
terior basket of spider cells is compressed 
into a dense, shallow layer at the inside of 
glial cells on the glaucomatous cup (fig. 10). 


Fig. 11 (Wolter). Shows a high-power view of 
the hypertrophic structures of the lamina cribrosa 
(a) and the scarlike astroglia in their spaces (b) 
(Cross section, Hortega method, photomicrograph. ) 


Posteriorly the lamina cribrosa has no 
sharp limits and is closely connected with 
the connective tissue structures of the pial 
septa of the optic nerve. The latter contain 


the blood vessels. Longitudinal sections of 


Fig. 12 (Wolter). Longitudinal section of nor 
mal human optic nervehead directly posterior to the 
lamina The connective tissue structures 
are black stained (a). The nerve fibers are only 
slightly stained but can be recognized (b). (Hor- 
tega method, photomicrograph.) 
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Fig 


the optic nerve give a good impression of 
the complicated architecture of these septa 
(fig. 12). 

Most of the meningeal fibers of the optic 
nervehead run in a longitudinal direction 
parallel to the blood vessels. Archlike fiber 


structures connect and reinforce these coarse 


13 (Wolter). Shows a similar bridgelike connection of small blood vessels by connective tissue 
fibers in the white matter of the human brain. (Hortega method, photomicrograph. ) 


formations at an angle of about 90 degrees. 
It is interesting to note that very similar 
bridges of connective tissue fibers as seen 
between the blood vessels of the optic nerve 
(fig. 14) are also seen between blood vessels 
of the white matter of the brain (fig. 13). 


All connective tissue structures of the 


Fig. 14 (Wolter). Longitudinal section of normal human optic nervehead which shows the bridgelike 
connection of two small blood vessels of the leptomeninges by a strand of connective tissue fibers. (Hortega 


method, photomicrograph. ) 
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lamina cribrosa and the optic nerve are 
firmly anchored in the sclera of the globe 
or the dural sheath of the optic nerve (fig. 
15). The loose network of bizarre connective 
tissue fibers of the arachnoid layer and pial 
layer of the optic nerve represent the connec- 
tion between the dense structures of the optic 
nerve (fig. 15). 

Knowledge of the architecture of the optic 
papilla is important for understanding of its 
pathology in papilledema. The existence of 
the loosely arranged spider cells and the lack 
of Mueller’s radial fibers in the anterior por- 
tion of the papilla explain the fact that a 
localized swelling and protruding of the disc 
Henderson*). The 
Mueller 
which connect the outer and the inner limit- 


can occur (comp. sur- 


rounding retina possesses fibers 
ing membrane. These fibers do only allow 
for a limited swelling of the retina. An ex- 
tensive swelling of the retina occurs in 
papilledema usually much later in the clinical 
course and is explained by the destruction 


of the Mueller fibers at the disc margin. The 
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Fig. 15 (Wolter). The connective tissue fibers 
of the dural sheaths of the normal human optic 
nerve. (Hortega method, photomicrograph. ) 


Fig. 16 (Wolter). Bizarre connective tissue fibers of the arachnoid laver of the normal human optic 


nerve. The nuclei of arachnoidal cells are slightly stained 


(Hortega method, photomicrograph. ) 
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Fig. 17 (Wolter) 
len retina 
advanced bilateral papilledema. Arrow I indicates 
the area from which the high-power view Figure 20 
was taken. Arrow II indicates the area from which 
Figures 18 and 19 were taken. (Hortega method, 
photomicr« graph. ) 


Low-power view of the swol- 
at the nasal disc margin of a case of 


elasticity of the glial basket of the papilla 
probably allows for a certain amount of 
swelling without irreversible damage to the 
neurites. The structures of lamina cribrosa, 
however, are not so elastic and seem to be the 
direct cause for the destruction and interrup- 
tion of the nerve fibers in late stages of 
papilledema. 

Figure 17 represents a low-power view of 
the swollen retina at the nasal disc margin 
of a case of advanced bilateral papilledema. 
The picture is taken from a slide of the left 
eye of a 56-year-old man who died with ele- 
vated intercranial pressure and very exten- 
sive cerebral edema following an infarct in 
the left hemisphere and a diagnostic arteri- 
ography. The nerve-fiber layer in this disc 
is swollen and protruding. It occupies about 
four times its normal thickness. There also 
is destruction of all retinal structures— 
including the radial fibers of Mueller—in 
an area of retina surrounding the disc. The 
latter destruction of retina tissue at the disc 
margin and its replacement by swollen de- 
generative nerve fibers is accepted as the 


cause for the enlarged blindspot of the visual 
field in advanced papilledema. 

It is very interesting to study the neurites 
of the nerve-fiber layer at the disc in this 
case. most of these 


Especially nasally 


neurites are interrupted. They exhibit 
bizarre terminal swellings (Cajal) at the 
distal ends of the proximal segments of their 
axones. The bulblike formations are clearly 
visible at the margin of the buttonlike pro- 
truding papilledema in Figures 17 and 18. 
More advanced destruction, swelling, and 
fragmentation of the neurites can be seen 
right on the disc (fig. 20). 

The bulblike terminal swellings here ob- 
the 
cotton-wool patches of the retina ( Wolter,’ 
Wolter, Phillips*). It is 
known from general pathology that such 


served are the same as those seen in 


Goldsmith and 
terminal swellings always develop in the cen- 
tral and peripheral nervous system following 
the interruption of nerve fibers at the site 
of their injury. We believe that an accumula- 
tion of terminal swelling as seen on the disc 
of this case of papilledema contributes to the 
whitish color of the papilledema as observed 
ophthalmoscopically.? However, there is also 
interfibrillar exudate which is also known to 
result in a whitish discoloration (as seen, 
for example, in retinal edema). The most 
severe nerve-fiber damage is found in the 
nasal part of the posterior portion of this 
papilla where the neurites traverse the 
lamina cribrosa (fig. 20). , 

Histologic studies of old cases of papil- 
ledema with secondary optic-nerve atrophy 
show that most of the neurites of the nerve- 
fiber layer, the optic papilla, and the optic 
nerve disappear after some time. Secondary 
retrograde degeneration of the interrupted 
nerve-fiber stumps is considered the reason 
for this fact. 

It is interesting to note that one practically 
never sees a case of histologically complete 
optic-nerve atrophy. There are always some 
nerve fibers left. Even three human optic 
nerves, the eyes of which were enucleated 
11 and 16 years ago, were still found to con- 
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Fig. 18 (Wolter). High-power view of the retina at the margin of the papilledema. Numerous terminal 
swellings of interrupted nerve fibers are visible in the nerve fiber layer. (a) Nerve fiber layer. (b) Inner 
nuclear layer. (c) Outer nuclear layer. (Hortega method, photomicrograph.) 


Fig. 19 (Wolter). High-power view of the terminal swellings of interrupted nerve fibers at the nasal 
disc margin of the nerve fiber layer (a). All these swellings are directed toward the optic disc. (Hortega 
method, photomicrograph. ) 
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Fig. 20 (Wolter). Advanced destruction, swell- 
ing, and fragmentation of neurites on the optic 
disc of the case of papilledema. (Area of arrow 
No. II in Figure 17). (Hortega method, photo- 
micrograph. ) 


( Wolter 


Liss*®). This finding is considered evidence 


tain numerous nerve fibers and 
for the existence of centrifugal nerve fibers 
in the human optic nerve which originate in 
the brain and not in the retina. 


Often one is also surprised to find many 


Fig. 21 


(Wolter) 


nerve, papilla, and retina of an advanced case of 


Low-power view of optic 


Many 


opt 


Coats’ disease nerve-fiber bundles can be 
seen within the 


photomicrograph. ) 


papilla. (Hortega method, 
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22 (Wolter). Low-power view of a mel- 
(Hortega method, 


Fig 
anoma of the optic nervehead 
photomicrograph. ) 


well-preserved nerve-fiber bundles in the 
optic papilla in cases with complete blindness 
and very advanced degeneration of the ret- 
ina. Figure 21 shows the nerve bundles of 
the optic papilla in such a case. This was a 
later stage of Coats’ disease with total blind 

ness, retinal detachment, degeneration, and 
development of extensive connective tissue 
scars in the retroretinal space. Figure 22 rep- 
resents another example of an advanced in- 
volvement of an optic disc in which the 
optic nerve still contained many nerve fibers 
This is a case of a melanoma of the optic 
nervehead.* However, the optic papilla may 
sometimes show complete atrophy and then 
no nerve fibers are found within it. This is 
most often seen in advanced primary or sec- 
ondary glaucoma and in late stages of papil 

ledema. 

Drusen of the optic nervehead are a very 
impressive clinical and histologic finding. 
The drusen represent histologically poly- 
morphous lamellae masses of hyaline sub- 
stance. I do not believe that they represent 
a specific pathologic formation. But they 


sent to us by Dr. L. E. 
Armed Forces Institute of 
D.C 


* This specimen was 
Zimmerman of the 


Pathology in Washington, 
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may develop under different conditions 


which result in an accumulation of necrotic 
substance on the disc accompanied by poor 
blood supply. This generalization does not 


apply to the occurrence of bilateral drusen of 


the nervehead in normal eyes with normal 


visual acuity and visual fields 
Walsh, p. 418). Figure 23 represents a 
typical large drusen of the optic nervehead 
of the left eye of a 20-year-old woman, with 
blindness, old retinal detachment, and chronic 
uveitis. As Dr. Heath* pointed out in the dis- 


cussion of my talk before this association 


(comp. 


in 1956, hyalinization of necrotic tissue ob- 
viously is a rather unspecific process which 
may develop under many different situations. 
It is interesting that similar conditions which 
lead in one case to the formation of drusen 
of the optic nervehead may result in the so- 
called cavernous atrophy in another case. 
This latter condition is caused by liquefica- 
tion of the same necrotic substance which 


Fig. 23 (Wolter). Typical large drusen of the 
optic nervehead of a case with blindness, old ret- 
inal detachment, and chronic uveitis. In some 
areas of the drusen lamellar formations of hyaline 
are visible. There is complete degeneration of all 
nerve fibers within the optic papilla. (Hortega 
method, photomicrograph. ) 


Fig. 24 (Wolter). (A) Interrupted nerve fiber of the optic nervehead which exhibits bulblike terminal 


swellings at its distal end 


(B) A lipoid body left over after retrograde degeneration of the nerve stum 


of an interrupted nerve fiber in the nervehead. (C) Hyalinization of a round lipoid body as seen in (B). 
All three pictures are taken from slides of a case with primary optic-nerve atrophy following intracranial 
tumor compression. (Hortega method, photomicrograph. ) 
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Fig. 25 (Wolter). A centrifugal nerve fiber (a) 
of the human retina terminating in the wall of 
retinal blood vessels (b). (Hortega method, photo- 
micrograph. ) 


becomes hyalinized when drusen develop 
(comp. Zimmerman"' ). 

Small round hyaline corpuscles are a very 
common finding in the nerve-fiber bundles 
of the optic papilla under normal and patho- 
logic conditions. They are very similar to 
those found in the nerve-fiber layer of the 
retina and in the optic nerve itself, It was 
reported last year before this association® 


that such bodies may develop under certain 
conditions from degenerating astroglia as 
well as from nerve fibers. Figure 24 shows 
different stages of the development of such 
hyaline bodies from interrupted neurites in 
the optic nervehead of a 75-year-old woman 
with optic nerve atrophy following intra- 
cranial tumor compression. Figure 24a shows 
the terminal swellings of an interrupted 
nerve fiber. Figure 24b shows a lipoid body 
which is left from such a terminal nerve fiber 
swelling after further retrograde degenera- 
tion which resulted in the destruction of the 
more proximal part of the neurites. Figure 
24c represents a hyaline body which obvi- 
ously developed by hyalinization of a lipoid 
body as seen in Figure 24b. All transitional 
stages between the end-bulbs of nerve-fiber 
stumps and the final hyaline bodies can be 
seen in this case. 

It has already been mentioned that there 
is evidence that some of the nerve fibers of 
the optic nerve, the papilla, and the nerve 
fiber layer of the retina originate in the brain 
and are, therefore, centrifugal in nature. 


Fig. 26 (Wolter). This slide represents a tangential section through the adventitia of a blood vessel of 
the human retina (a-a). The terminal branching of a centrifugal (vasomotor) nerve fiber can be seen on 


the vessel wall. (Hortega method, photomicrograph. ) 
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It is possible to show histologically that some 
of these nerve fibers supply the blood ves- 
sels of the optic nerve and the retina (Liss 
and Wolter,’ Wolter’) 


show as an example the terminations of such 


Figures 25 and 26 


centrifugal vasomotor nerve fibers in the 
wall of large blood vessels in the human 
retina. It must be mentioned here that the 
vascular nerves of this type represent only 
one of two nerve types found in the wall of 
the blood vessels of the human retina and 
optic nerve. The second nerve fiber type is 
represented by a very delicate system of net- 
worklike perivascular fibers.’*** The exist 
ence of these two different vascular nerves 
in the human retina and optic nerve is con 
sidered histologic evidence for a double 
autonomic innervation of their blood vessels 


( sympathetic-parasympathetic ). 


Fig. 27 (Wolter) 


The astroglia of the optic papilla gradu- 


ally changes its character as one proceeds 


posteriorly into the optic nerve. The astroglia 
of the latter is similar to that of the white 
matter of the brain.** Figure 27a represents 
a typical example of an astrocyte of the 
normal human optic nerve. The drawing re- 
construction (fig. 27a) shows that these cells 
form a dense glial sheathing around the 
blood “sucker-footlike” 
processes, ( glial 


vessels with their 


Their other processes 


fibers) surround the neurites with a dense 
supporting and nutritive network. These 
astrocytes have a small cell body and may 
normally have one or more round nuclei (fig. 
28). For comparison, astrocytes of the white 
matter of the human brain with their footlike 
endings on the blood vessels and the glial 
fibers are demonstrated in Figure 29. 


(A) Astrocytes of the normal human optic nerve. (Hortega method, photomicro- 


graph.) (B) Drawing reconstruction of an astrocyte of the human optic nerve (b) and its relationship to 


the blood vessels (a) and the neurites (d). 
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Fig. 28 (Wolter) Astrocyte of the normal Fig. 29 (Wolter). Shows a section 
human optic nerve which exhibits three cellular 
nuclei. (Hortega method, 


of the white 

matter of the human brain with its blood vessels 

photomicrograph. ) (a) and its astrocytes (b). The astrocytes send 
sucker-footlike processes to the blood vessel wall 
(Hortega method, photomicrograph. ) 


Fig. 30 (Wolter). (A) Hypertrophy and proliferation of the astroglia in a case of primary opti 


nerve atrophy. (B) Gliosis of the optic nerve in retinitis pigmentosa. (Hortega method, photomicro 
graphs. ) 
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Fig. 31 (Wolter). Advanced scarification and 
gliosis of the optic nerve stump of a patient whose 
eye was enucleated 11 years ago. (a) Hypertrophic 
astrocytes. (b) Hypertrophy of the septal connec- 
tive tissue. (Hortega method, photomicrograph. ) 


Hypertrophy and proliferation of the 
astroglia is very often seen in human eye 
pathology following atrophy of the nerve 
fibers. The astroglia then fills the space of 
broken-down neurites and virtually forms 
a glial scar. Figure 30 demonstrates two 
typical slides with such a gliosis of the optic 
nerve in primary optic nerve atrophy (fig. 
30a) and in retinitis pigmentosa (fig. 30b). 
Figure 31 represents a slide of an optic nerve 
stump, the eye of which was enucleated 11 
years before examination. In this case there 
is not only gliosis but also hypertrophy of 


the septal connective tissue. 
We have not yet been able to achieve a 


Fig. 33 (Wolter). Accumulation of gitter cells 
(microglia after phagocytosis) between the rem- 
nants of broken-down neurites in a case of neuro- 


Fig. 32 (Wolter) Normal microglia cells 
optic nerve. (Hortega myelitis optica. (Hortega method, photomicro- 


(arrow) of the human 
method, photomicrograph. ) graph.) 


“4 


64 J. REIMER WOLTER 


good staining of the oligodendroglia of the 
human optic nerve under normal conditions. 
However, there is indirect evidence for the 
existence of such cells in the human optic 
nerve under normal conditions. They cor- 
respond to the Schwann cells of true periph- 
eral nerves. Oligodendroblasts and abnormal 
oligodendrocytes were found in a case of 
glioma of the 
Wolter*’). 
There always is microglia (Hortega glia) 


optic nerve (Liss and 


in the optic nerve. They normally represent 
small cells with short processes and round 
nuclei (fig. 32). The microglia are generally 
known as the phagocytes of the central 
nervous system and represent the reticulo- 
endothelial element of retina, papilla, and 
optic nerve. The microglia is of mesodermal 
origin. It is their function to phagocytize the 
remnants of destroyed neurites of the optic 
nerve under pathologic conditions. The active 
microglia represents large lipoid-laden cells 


with a small round nucleus. They are then 
known as “gitter cells” or granular com- 
pound corpuscles. Figure 33 shows as an 
example an accumulation of such gitter cells 
between the remnants of broken-down neu- 
rites in a case of neuromyelitis optica. 

This study gives just a few new aspects 
of the anatomy and pathology of the optic 
papilla as found with techniques which stain 
selectively the nerves and the glia. The new 
findings with these methods are very numer 
ous and often difficult to interpret. There 
fore, the present demonstration should be 
considered only as a beginning and cannot 
at all be complete. It is our hope, however, 
to extend the knowledge of the anatomy and 
pathology of the nervous and glial structures 
of the human eye within the years to come 
and to introduce the study of these elements 
as part of histologic routine in eye pathology. 


University Hospital 
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THE 


HUMAN OPTIC PAPILLA 


DISCUSSION 


Dr. PARKER HEATH (Sullivan Harbor, Maine) 
This paper is concerned witl 
the pathologic 
papilla and the optic nerve 


the morphology and 


some of reactions of the optic 
The findings are re- 
lated to previous studies by the author, using the 
The latter employ brom-formol 


and formol-fixed material, frozen sections, stained 


same techniques 


by Hortega’s silver carbonate 

The method discriminates the 
of the neurons, blood and 
Unfortunately for us, this method 
little used in recent years on ocular tissue, except 
the revealing work of Dr. Wolter and 
sociated with him 


neurites, certain* 
vessels, connective tis- 
sue. has been 
those as- 


His study of the optic papilla depicts a complex 
of two parts—an anterior cap or basket of retinal 
astroglia perforated by neurites individually and 
in bundles, the latter insulated by a feltlike mesh 
of long Interconnections of glial 
and to and 
bundles of neurites. The cell bodies of the astroglia 
form the nuclear columns and 


glial processes 


dendrites pass to capillaries single 


stain out small and 


round, with processes so numerous that the com- 


mon term for them is “spider” cells 
The nervehead or the 
attached to Bruch’s mem- 


neuro-ectoderma 
1 posteriorly to the la- 


anterior part 
cap 1S 
the choroid, and 


mina cribrosa, as well as to the 


brane, to 
wall of the scleral 


passageway. It seems to me that the inner or vitreal 


boundary is indicated in some of his illustrations 


as a condensation of fibers, but this is not described 
The ‘ap has acquired added 
morphologic significance from Dr. Wolter’s study 


The lamina cribrosa he describes conventionally 
from 


by the author anterior 


the findings of his method as a perforated 
sievelike continuation of the sclera, composed of con- 
Within its meshes are found the nerve 
fibers and bundles. The neurites are accompanied and 


insulated by 


nective tissue 
a columnar system of astroglia 
The anterior neuro-ectodermal 


fibrous 


cap and the pos 


terior scleral sieve jointly create a seal or 


und intraocular regions 


centrifugal and 


gasket between intraneural 
Both 
and 
blood supply, as 


transmit centripetal nerves 
their 
retina, Pial 


the lamina cri 


insulate them and, wu ldition, convey 


well as that for the 
and arachnoid fibers connect witl 
brosa. The pia carries capillaries and larger vessels 


blood 


connective 


Sometimes the vessels are connected by a 


bridge of tissue, he brain 


The principal pathologic reaction of the astroglial 
cap of the 
passing 
Degen- 


composing the anterior 


The 


condensation 


papilla is degeneration neurites 


through and the cap suffer the same fate 
eration of one is accompanied by degeneration ot 


the other. The actual changes are characteristic of 
neural swelling and fragmentation, de- 
generation and atrophy. 

The connective tissue and accompanying glia of 
the lamina cribrosa, on the other hand, may react 
to injury by proliferations whose effects are to 
replace the bulk of the lost nerve fibers 

The author portrays especially well the sequence 
of events on the nervehead with degenerating neu- 
rites. Bulblike terminal swellings similar to those 
seen in the retina as cotton-wool spots, are com- 
mon. They are to be found more on the mesial 
side of the disc where the fiber layer is more 
compact and increase the hazard from pressure. 

He also that following advanced 
retinal or optic nerve atrophy the loss of neurites 
is not complete. This has supported other older 
observations which suggest the both 
centripetal and centrifugal fibers 

The author’s work shows beautifully two types 
of terminations from the neurites which enter the 
nerve from the brain and apply to blood vessels of 
the optic nerve and the retina: one is an aborizing 
form, the other a network. Especially well shown 
by the technique are the form and distribution of 
the astrocytes in the optic nerve. These cells may 
serve as intermediaries between the blood supply 


tissue, as 


has observed 


existence of 


and the neurites 
The method so far 
depicting the oligodendrocytes ; 


been successful in 
we know that they 
with 
mesodermal 


has not 


are present normally and in great excess 
gliomas of the nerve. The 
phagocytosing microglia are well shown, especially 
when fat-ladened. They are then known as “gitter” 
Only 


of pathologic states are reported, that is, late stages 


optic 


cells or granular compound cells samplings 
of primary optic-nerve atrophy, advanced retinal 
atrophy, drusen, and cytoid bodies 

We can't the addition of 
full descriptions of the blood supply in health and 


have everything. but 
disease of this region would markedly round out 
our knowledge. The author’s work is a great credit 
to him; the method is well established, as his bril- 


photomicrographs testify 
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CONTINUING STUDIES ON THE ASSOCIATION OF ADENOVIRUS 
TYPE 8 WITH EPIDEMIC KERATOCONJUNCTIVITIS* 


L. Hanna, M.A., E. 


S. 


J. Kimura, M.D., AND 


Jawetz, M.D., Y. Mitsut, M.D., P. Tayceson, M.D., 


A. Nicuowas, B.A. 


San Francisco, California 


Epidemic keratoconjunctivitis is a serious 
eye disease of well-defined clinical character- 
istics which occurs both sporadically and in 
epidemics all over the world. After an in- 
cubation period of seven to 10 days, the typi- 
acute follicular con- 


cal case develops an 


junctivitis and preauricular adenopathy. 
About 10 days later, round, subepithelial 
corneal opacities appear, which may persist 
up to two years and seriously interfere with 
vision, Varying proportions of patients dur- 
ing epidemics develop corneal involvement. 
Since only the corneal lesions are entirely 
pathognomonic for the disease, certain indi- 
viduals having only conjunctival involvement 
cannot be diagnosed with absolute certainty. 
This is often the case in children,’ and makes 
the diagnosis of sporadic or slightly atypical 
cases of the disease difficult, until a labora- 
tory test for etiologic diagnosis can be es- 
tablished. 

The etiology of epidemic keratoconjuncti- 
vitis is not established at the present time. 
Claims have been made for the role played 
bv many different viruses, but most of them 
have not, and cannot, be substantiated.* Most 
available textbooks list a virus (Sanders) as 
the 
strains 


etiologic Currently available 
of that St. 


encephalitis virus. The position of that agent 


agent. 


virus resemble Louis 


and of others for which claims have been 
made has been well evaluated recently by 
Cheever.* It is clear that the available strains 


of this virus bear no serologic relationship to 


*From the Microbiology and 
Ophthalmology and Francis I. Proctor Foundation 
for Research in Ophthalmology, University of 
California School of Medicine, San Francisco 22, 
California, and the Department of Ophthalmology, 
Kumamoto University Medical School, Kumamoto, 
Japan. This study was supported in part by grants 
from the National Institutes of Health (B604) 
and from Burroughs, Wellcome and Company. 


Departments of 
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the disease as it has existed since 1951. In 
the present paper we wish to present evi- 
dence that adenovirus type 8 (APC 8) has 
with epidemic 
1951 
parts of the world, and that this agent is 


been regularly associated 


keratoconjunctivitis since in several 


capable of causing the disease. 
MATERIAL AND METHODS 

PATIENTS 

Some of the patients included in this study 
were sporadic cases seen in the eye clinic of 
the University of California Medical Center. 
Much material was obtained through the co- 
operation of ophthalmologists and virologists 
in many areas, including Dr. H. L. Ormsby, 
Toronto; Dr. M. D. Pearlman, Chicago; Dr. 
Irving Leopold, Philadelphia; Dr. H. Konig 
and Dr. R. Witmer, Switzerland; Dr. G. 
Bietti, Italy; Dr. R. Biehling, Dr. H. Hof- 
mann, and Dr. H. Moritsch, Austria; Dr. 
M. Inouye and Dr. Y. Mitsui, Japan; Dr. 
Q. Vivell, Germany ; and Dr. R. G. Sommer- 
ville and Dr. D. Tyrrell, Great Britain. We 
are deeply indebted to these investigators for 
their help. Epidemic keratoconjunctivitis has 
existed in epidemic or endemic form in all 
of these 1951. The patients 


ranged in age from one to 75 years, and 


areas since 
were classified as typical epidemic keratocon- 
junctivitis, atypical or probable epidemic 
keratoconjunctivitis, or eye disease clinically 
not epidemic keratoconjunctivitis. 


VIRUS ISOLATIONS 

Conjunctival or corneal scrapings were 
taken, using a sterile platinum spatula, from 
lesions of patients with active conjunctivitis 
or keratitis. The material was suspended in 
tubes containing maintenance medium (10- 
percent chick 199 with 
antibiotics ), and inoculated immediately into 


serum in mixture 
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HeLa cell tissue cultures. The cultures were 
incubated in a stationary position at 36°C. 
for several weeks, with occasional changes 
of maintenance medium, and were observed 
at frequent intervals for cytopathogenic 
effects. If no such effects appeared, at least 
one blind passage was made before the ma- 


terial was discarded as negative. 
SERA 


Whenever possible, paired serum speci- 
mens were obtained from each patient, the 
first immediately after onset, the second 
after an interval of a few weeks. In some in- 
stances, serial specimens were obtained over 
a period of two months. Single convalescent 
sera were obtained from patients who had 
previously been diagnosed as having typical 
epidemic keratoconjunctivitis. Comparable 
sera, single or paired, were obtained from 
control populations in the same geographic 
areas, selected from similar age groups. All 


sera were stored at 20°C. until used. 


SEROLOGIC TESTS 

The technique for the neutralization test 
has been described.** Sera were inactivated 
at 56°C. for 30 minutes and diluted in mix- 
ture 199. Undiluted virus and diluted serum 
were mixed in equal volume, incubated at 
room temperature for one hour, and inocu- 
lated into tissue cultures, usually HeLa cells. 


Cytopathogenic effects were recorded as 0 
to 4+ in the conventional manner. Neutraliz- 
ing antibodies were considered present only 
if there was a difference of at least 34+ be- 


tween control (normal rabbit serum) and 
experimental tubes for two consecutive days. 
Complement-fixation tests were performed 


as described elsewhere.* 
VOLUNTEER INOCULATIONS 


The procedure has been outlined else- 
where.® Individuals showing no clinical signs 
and no history of past infection with epi- 
demic keratoconjunctivitis were selected. In 
some instances these patients were kept in 
isolation for 10 days before inoculation. 
Serum specimens were obtained before in- 
oculation, at the time of onset of any dis- 
ease, and at intervals thereafter. The inocu- 
lations were made either by scarification of 
the anesthetized conjunctiva or by simple in- 
stillation of centrifuged supernatant fluid 
from HeLa cell cultures of adenovirus type 
8. Material from uninoculated tissue cultures 
was inoculated into the other eye simultane- 
ously. 

RESULTS 
1. ISOLATION OF VIRUSES 

To date at least nine strains of adenovirus 

type 8 have been isolated in tissue culture, 


as shown in Table 1. The prototype strain 


TABLE 1 
STRAINS OF ADENOVIRUS TYPE 8 ISOLATED TO DATE 


Geographic 


re 

Patient Age 
50 California 
Koy 27 Japan 
70 Japan 
Nag 13 Japan 
Ish 58 Japan 
Kam 1 Japan 
? ? Saudi-Arabia 
(Dr. Chang) (Child 
Seg 45 Japan 
(Dr. Tanaka 
Law ? Scotland 

(Adult) 


(Dr. Tyrrell) 


Clinical Keratitis Infectivity* 
Diagnosis Present 
Typical EKC + 
Probable EKC - 
Typical EKC + 

Probable EKC 
Typical EKC + 
Probable EKC — 
Unidentified ? ? 
conjunctivitis 

Probable EKC + ? 
Typical EKC + 


* Highest dilution of virus (tissue culture fluid) giving cytopathogenic effects in HeLa cells. 


| 
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(Trim) was recovered in California,*® six 


strains in Japan,’* and one strain in Scot- 
land.” These eight strains were derived 
from patients with clinically unequivocal 
keratoconjunctivitis. The ninth 


Murray et al.” in 


epidemic 
strain was isolated by 
Saudi-Arabia from the eye of a child suffer- 
ing from an unidentified conjunctivitis. It is 
remarkable that adenovirus type 8 has to 
date been isolated from the eye only, and 
not from other tissues which have readily 
yielded other types of adenoviruses. 
Adenovirus type 8 differs in several bio- 
logic characteristics from other members 
of that group. Cytopathogenic effects in tis- 
sue culture in original isolations are usually 
delayed for two to three weeks. The infec- 
tive titer for HeLa cells is always low 
(rarely exceeding 10-*), but the amount of 
antigenic material in tissue culture is as great 
as with other types of adenovirus. In any 
form the virus is extraordinarily stable, 
withstanding shipment either as lyophilized 
or fresh tissue culture, or as epithelial shreds 
Like other 


adenoviruses, the agent withstands repeated 


from conjunctival scrapings. 
freezing and thawing without loss of titer. 
In contrast to other types, disruption of tis- 
sue culture cells fails to increase the infec- 
tive titer. 

While adenovirus type 8 has been iso- 
lated up to the 12th day after onset of the 
conjunctivitis, it is probably recovered most 
readily in the first five days. 


ADENOVIRUS TYPE 8 DE- 
VELOPING DURING THE ILLNESS 


2. ANTIBODIES TO 


Paired or serial serum specimens taken at 
intervals of two weeks or more were avail- 
able from 40 patients. Dr. R. G. Sommer- 
ville® kindly made available information on 
four additional individuals. In 36 of these 44 
persons there was a fourfold or greater rise 
in neutralizing antibody to adenovirus type 
8. Of the remaining eight, six had a titer of 
1:10 or greater, and possibly might have 
shown a fourfold rise had additional sera 
been obtained at longer intervals. Hetero- 


typic rises to other types of adenovirus were 
infrequent and always less than fourfold. 
The optimal time interval between the acute 
and convalescent serum specimens is not well 
established. A few patients already had high 
titers of neutralizing antibodies (1:20 or 
greater) when first seen, during the second 
week of their disease. A majority of patients, 
however, did not develop such titers until 
three weeks or more after onset of the eye 
symptoms. Table 2 shows the relationship 
between time of serum collection and demon 
stration of a fourfold or greater rise in anti- 
body titer. 

It has been pointed out in earlier publi 
cations® ** that the titer of neutralizing anti- 
bodies in adenovirus type 8 infections may 
decline rapidly after the acute infection. The 
above data in Table 2 suggests that a positive 
serologic diagnosis will be most likely if not 
two but three sera are examined: An acute 
phase serum collected during the first week 
of the illness, a second specimen obtained 
about three weeks after onset, and a third 
specimen collected six to eight weeks after 
onset. Such a pattern will permit the detec- 
tion of both early and late antibody titers. 

In the majority of sera examined by us, 
the peak titer did not exceed 1:80, and in 
many patients it remained at 1:40 for some 
weeks before declining. Perhaps this rela- 
tively low concentration of neutralizing anti 
bodies in adults is due to the limitation of the 
infection to the eye, and the relative absence 


TABLE 2 


RELATIONSHIP BETWEEN TIME OF SERUM COLLEC- 
TION AND ANTIBODY TITER 


Number of Serum Pairs Show- 
ing Rise in Neutralizing An- 
tibody Titer between First 
and Second Specimen 


Time Second 
Specimen* 
Collected 
(wk. after onset) 
4-fold or 
greater 

9 


Less than 
4-fold 


1S 


* First serum specimen was collected during the 
first week after onset in these serum pairs. 


’ 
34 
5-8 7 
17-52 7 4 
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of systemic symptoms. In small children 


living in endemic areas, epidemic keratocon 
junctivitis apparently occurs as a systemic 
illness with fever, diarrhea, vomiting, 
a pseudomem 


keratitis.’"? 


pharyngitis, and otitis, with 
branous conjunctivitis but no 
The few paired sera that have been examined 
have shown significant rises in antibody titer 
to adenovirus type 8. In one such child the 
peak titer was definitely in excess of 1:160 
during the third week after onset. 

The complement-fixation test does not ap- 
pear to be a satisfactory serologic method for 
the diagnosis of adenovirus type 8 infection. 
Since all types of adenoviruses share a com 
mon complement-fixing antigen, many per- 
sons have antibody iiters in their serum. The 
rise of complement fixing antibodies does 
not parallel that of neutralizing antibodies tn 


many instances.*** 


? 


3. PREVALENCE OF ANTIBODIES TO ADENO- 

VIRUS TYPE 8 

Initial serologic surveys of sera obtained 
from various parts of the world indicated 
that patients with epidemic keratoconjuncti- 
vitis had a much higher incidence of neutral 
izing antibodies to adenovirus type 8 than 
other persons, of similar age distribution, 
living in the same areas. We have continued 
to compile such data, and the present totals 
are listed by country of origin in Table 3. 
The validity of this of serologic evi 


dence relating adenovirus type 8 to clinical 


ty pe 


epidemic keratoconjunctivitis is predicated 
upon several assumptions: 

a. The virus produces clinically manifest 
infection more often than subclinical infec- 
tion. 

b. Observers in different parts of the 
world diagnose epidemic keratoconjunctivitis 
with the same degree of accuracy and are 
able to separate epidemic keratoconjunctivitis 
from morphologically similar entities of dif- 
ferent etiology. 

c. Only a short time elapses between the 
and the collection of serum 


acute illness 


specimens; otherwise, the rapid decline of 
antibody titer will make serologic diagnosis 
of adenovirus type 8 infection impossible. 
The data shown in Table 3 are reassuring 
in several respects. Serologic surveys in the 
United States 
very low incidence of neutralizing antibodies 


and Canada*** indicated a 
to adenovirus type 8, in contrast to the ex- 
Other 


countries experiencing large outbreaks in the 


perience with other adenoviruses. 
last decade or having a high endemic level of 
epidemic keratoconjunctivitis show, as ex- 
pected, a higher (13.3 to 25.0 percent) inci- 
dence of such antibodies. Nevertheless, the 
incidence of antibodies in patients presum- 
ably free from clinical epidemic keratocon- 
junctivitis never approaches that observed 
in epidemic keratoconjunctivitis. 

The ability of different observers to diag- 
nose clinical epidemic keratoconjunctivitis 
appears to be quite constant in terms of the 


TABLE 3 


INCIDENCE OI 


NEUTRALIZING ANTIBODIES TO ADENOVIRUS TYPE 8 VIRUS IN EPIDEMIC 


KERATOCONJUNCTIVITIS PATIENTS AND CONTROLS 


Epidemic Keratoconjunctivitis 


Geographic 
Location No. Sera 


No. 


U.S.-Canada 
Switzerland 
Italy 

Japan 
Austria 
Germany 


wu 


ww 


=~ 


w 


Total 


Neutralizing Antibodies in 
1:10 Serum Dih 


Non-Epidemic Keratoconjunctivitis 


Neutralizing Antibodies in 
1:10 Serum Dilution 
No. 


ition No. Sera 
/o 


106 


24 
20 
30 


37 | 94.6 | 5 4.7 
15 86.7 
15 86.7 1 4.2 
38 86.8 5 25.0 
42 52.4 4 13.3 
i8 5 88.9 6 1 16.7 
| 165 |__| 80.0 186 16 8.6 
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incidence of antibody to adenovirus type 8 
occurring in persons given this diagnosis 
(86.7 to 94.6 percent) in five widely sepa- 
rated geographic areas. Most of the sera in 
had collected within 
less than one year after onset of the illness. 
On the other hand, the sera from Austria 
were collected in 1956 from patients who 


these five areas been 


had epidemic keratoconjunctivitis during the 
epidemic of 1952-53. This delay may ex- 
plain the lower incidence figure (52.4 per- 
cent) of antibodies to adenovirus type 8 in 
the Austrian sera. 

In spite of the several reservations re- 
garding such a serologic survey, the over- 
all results appear highly significant: There 
are 80.0 percent antibodies (1:10) in pa- 
tients with the diagnosis of epidemic kerato- 
conjunctivitis, as compared to 8.6 percent 
of such antibodies in fairly well-matched 
controls without clinical epidemic keratocon- 
junctivitis. The conclusion appears to be 
warranted that cases of both sporadic and 
epidemic keratoconjunctivitis occurring since 
1951 have been regularly associated with in- 
fection by adenovirus type 8, or an anti- 
genically closely related agent. 


4. INOCULATION OF 
TYPE 5 


VOLUNTEERS WITH 


ADENOVIRUS 


Humans have been inoculated with adeno- 
virus type 8 grown in tissue culture by Dr. 
Y. Mitsui in Kumamoto, Japan, and Dr. G. 
Bietti in Rome, Italy. These investigators 
have kindly permitted us to quote their re 
sults. Mitsui et al.° have reported in detail 
the experiences in the first five volunteers. In 
each case, one eye was inoculated by scarifi- 
cation with adenovirus type 8, the other eye 
with plain tissue culture fluid. Four of the 
five volunteers developed epidemic kerato- 
conjunctivitis, with typical subepithelial 
opacities in three of them. The fifth volun- 
teer had antibodies to adenovirus type 8 at 
the time of inoculation, and remained well. 
The 


three volunteers six to eight days after the 


uninoculated eye became involved in 


inoculated eye. Adenovirus type 8 was re- 


isolated from lesions in two cases, and the 


volunteers developed significant antibody 
titer rises to adenovirus type 8. 

More recently Mitsui has “vaccinated” 
three volunteers by the subacutaneous in- 
jection of cell-free fluid from tissue cul- 
tures in which adenovirus type 8 had grown, 
and subsequently challenged them with the 
same virus instilled into the eye. One of 
these volunteers (M. M.) responded to vac- 
cination with a neutralizing antibody titer 
of 1:80, resisted the first ocular challenge, 
and, following the second instillation of virus 
into the eye, developed follicular conjuncti- 
vitis with adenopathy but no keratitis. Two 


and K. F.) de- 


veloped no neutralizing antibody following 


other volunteers (T. S. 
vaccination, They responded to ocular chal- 
lenge with follicular conjunctivitis, adenop- 
athy, and the typical subepithelial opacities 
of epidemic keratoconjunctivitis, and a strik- 
ing rise in neutralizing antibody. The opaci- 
ties lasted for only a few weeks before re- 
absorption took place. Thus it appeared that 
the presence of neutralizing antibodies in 
significant titer (1:20 or greater) acquired 
through natural infection or through vac- 
cination may prevent the keratitis of ept- 
demic keratoconjunctivitis. 

Bietti 
Mitsui’s volunteers and felt that the experi- 


had occasion to observe some of 
mental disease was entirely typical of epi- 


demic keratoconjunctivitis.** He  subse- 
quently undertook similar volunteer studies 
in Italy. Initially, eight persons were inocu 
lated by placing into the eye drops of fluid 
from tissue cultures in which adenovirus 
type 8 


manifest disease. Later, six additional per 


had been None dev eloped 


grown. 


sons were exposed by swabbing virus-con- 


taining material onto the scarified con 


junctiva. All six developed follicular con 
junctivitis with preauricular adenopathy, and 
two showed the typical subepithelial opacities 
of epidemic keratoconjunctivitis. Regret- 
tably, serologic studies on these Italian vol- 
not available. However, Bietti 


unteers are 


observed that seven additional persons de- 
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veloped, “spontaneously,” typical epidemic 
keratoconjunctivitis through contact with the 
inoculated volunteers. 

The volunteer studies available thus far 
indicate that inoculation of adenovirus type 
8 into the eye of a susceptible person can re- 
sult in clinical disease entirely compatible 
with typical epidemic keratoconjunctivitis. 
The role of trauma, virus concentration in 
the inoculum, and the role of circulating 
antibodies present at the time of exposure 


need to be further clarified 
Disc USSION 


Cheever*® has recently reviewed some of 
the claims for the isolation of the etiologic 
agent of epidemic keratoconjunctivitis. Else- 
where, we have outlined’? the minimum cri- 
teria which must be met before such claims 
may be given serious consideration. Among 
such criteria is the necessity that viruses be 
exchanged between different investigators 
for comparison of results, and that exhaus 
tive attempts be made to identity and classify 
agents isolated in different laboratories. Re- 
grettably, most reports are seriously deficient 
in these features. Thus a meaningful discus- 
sion of claims made by others is not feasible. 

The data presented in this and earlier re- 
ports**** strongly suggest that epidemic 
keratoconjunctivitis, at least since 1951, has 
been uniformly associated with infection by 
adenovirus type 8, and that this agent is one 
capable of producing an illness indistinguish- 


able 


keratoconjunctivitis. The virologic and sero- 


from typical spontaneous epidemic 


logic studies conducted independently in 


8,18 9 


Japan,® Scotland,® and Germany’ sup 
port this view. However, at this time it is 
not possible to state that adenovirus type 8 
is the sole agent capable of producing epi- 
demic keratoconjunctivitis, or indeed that it 
was the virus responsible for outbreaks prior 
to 1951. 
fortunately, retrospective serologic investiga- 


It must be recalled again that, un 


tion is not possible, due to the short persist 
ence of antibodies to adenovirus type 8. 
It is appropriate to consider some of the 


difficulties which persist in establishing a 
single etiologic agent for epidemic kerato- 
conjunctivitis. 

1. While typical cases of epidemic kerato- 
conjunctivitis, with fully established subepi- 
thelial opacities, present an unequivocal clini- 
cal picture, atypical cases occur both spo- 
radically and during epidemics. Although 
some of these atypical cases fail to develop 
corneal changes of any kind, others present 
an atypical keratitis. It is well established**-** 
that certain individuals infected with adeno- 
virus types 3, 7, or 7 prime, and possibly 
with other unrelated viruses, may develop 
changes resembling the keratitis of such 
“borderline” cases of epidemic keratocon- 
junctivitis. 

If these patients are labeled “epidemic 
keratoconjunctivitis,” then it will have to be 
concluded that epidemic keratoconjunctivitis 
is not a single etiologic entity, but rep- 
resents a sequence of eye tissue reactions to 
a variety of viral agents. If, on the other 
hand, the opinion prevails that epidemic 
keratoconjunctival is a single etiologic entity 
(with adenovirus type 8 a good candidate at 
the present time), then laboratory evidence 
of infection with the designated etiologic 
agent will be necessary to establish proof of 
the diagnosis. At the present time that stage 
has not been reached, and the possibility that 
agents other than adenovirus type 8 may be 
responsible cannot be discarded. 

This problem is particularly acute in areas 
where high endemic levels of epidemic kera- 
toconjunctivitis persist. In Japan, Mitsui has 
described the “infantile” form of epidemic 
keratoconjunctivitis as a systemic illness 


with pseudomembranous conjunctivitis with- 


out keratitis." This syndrome in individual 
children may be difficult to distinguish from 
3 infection appearing as 
Yet Mitsui 


has been able to predict from the clinical 


adenovirus type 


“pharyngoconjunctival fever.” 


picture with considerable accuracy whether 
the infection was caused by adenovirus type 
3 or type 8. Serologic study of paired sera 
from such cases in our laboratory has sup- 


“I 
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ported his diagnosis in most instances, 
That epidemic keratoconjunctivitis is a dis- 
tinct clinical entity is supported by epi- 
demiologic and clinical data. Certainly, wide 
the epidemiology of 


differences between 


pharyngoconjunctival fever and epidemic 
keratoconjunctivitis have been observed in 
this fever, 
for example, is known to have occurred in 
the United States, 


demically, for many years, while the evi 


country. Pharyngoconjunctival 


sporadically and epi 


dence is strong that epidemic keratocon- 
junctivitis did not appear here until World 
War II, when in 1941 it was brought from 
Hawaii to the Pacific Coast. The propensity 
of plaryngoconjunctival fever to infect chil- 
dren, to spread in swimming pools, and to 
appear in late summer and fall, is not shared 
by epidemic keratoconjunctivitis, while the 
propensity of epidemic keratoconjunctivitis 
to spread in clinics and doctors’ offices, and to 
infect doctors and nurses, is not shared by 
pharyngoconjunctival fever or other types 
of viral keratoconjunctivitis, such as herpetic 
keratoconjunctivitis or trachoma. 

It seems inevitable that borderline cases 
will exist, but careful clinical analysis may 
sometimes resolve the diagnostic problem. 
One distinctive feature of epidemic kerato- 
conjunctivitis to which insufficient diagnostic 
importance has been attached in the past is 
the seven- to 10-day lag between the onset of 
the conjunctivitis and the development of the 
subepithelial corneal infiltrates. A compara- 
ble lag between conjunctival signs and cor- 
neal signs, if any, has not been observed in 
pharyngoconjunctival fever or other types of 
viral keratoconjunctivitis. Another feature 
of epidemic keratoconjunctivitis not shared 
by pharyngoconjunctival fever is the high 
incidence of conjunctival pseudomembranes ; 
they have been described in at least one third 
of reported epidemic keratoconjunctivitis 
cases, but never in reported pharyngocon- 
junctival fever cases. Epidemic keratocon- 
junctivitis is definitely a more prolonged dis- 
ease than pharyngoconjunctival fever, and, 
except in infants, as reported by Mitsui,” is 


JIAWETZ, MITSUI, THYGESON, KIMURA AND NICHOLAS 


unaccompanied by pharyngitis or fever. The 
incidence of keratitis, moreover, is very high 
in epidemic keratoconjunctivitis and very 
low in pharyngoconjunctival fever. These 
differences have for the most part obviated 
clinical confusion between the two entities, 
but whether or not they are etiologically 
distinct has yet to be determined. 


2. In a 


number of documented cases 
herpes-simplex virus has been isolated from 
patients diagnosed epidemic keratoconjunc 
tivitis.** ** At times this might have been due 
to clinical confusion between primary her 
petic keratoconjunctivitis and epidemic kera 
toconjunctivitis, Other instances have been 
recorded, however, in which an antibody titer 
rise to adenovirus type 8 was associated with 
virus.* Apart 


isolation of herpes-simplex 


from clinically typical epithelial herpetic 
lesions, herpes-simplex virus is not often 
isolated from inflammatory lesions of the 
eye.*> Might there be some connection be 
tween the presence of herpes-simplex virus, 
adenovirus type 8 infection, and the occur 
rence of full-blown epidemic pharyngocon 
junctivitis with opacities? Up to the present 
time we have not found a patient with typical 
epidemic keratoconjunctivitis whose serum 
did not possess antibodies to herpes-simplex. 
Thus we are unable to exclude the possibility 
suggested above. 

3. The occurrence of epidemic keratocon 
junctivitis in large epidemics in shipyards 
and other industries has suggested that irri 
tants, chemical and physical, might play a 
role in the genesis of the disease. It must be 
that 


have occurred in eye hospitals and ophthal 


remembered, however, outbreaks also 


mologists’ offices,**-** and that the very fre 
quency of eye irritation in industry leads to 
frequent visits to the ophthalmologist. 
Trauma associated with ophthalmologic ex 
amination (for example, tonometry) and 
infection arising from ophthalmologic solu- 
tions, materials, or the physician’s hands 
must be considered strongly. 

The volunteer studies, up to the present 


time, have not unequivocally answered the 
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question of the need for trauma in addition 
to the presence of adenovirus type 8 to pro 
duce clinical epidemic keratoconjunctivitis. 
While preliminary scarification of the con 
junctiva induced “takes” of adenovirus type 


8 infection more regularly in volunteers, 
simple dropping of infected fluid into the 
eyes also resulted in some infections. Much 
further study will be required to elucidate 


this aspect of the problem 
SUMMARY 


Since 1951 epidemic keratoconjunctivitis 
occurring in various parts of the world has 
been constantly associated with infection by 


adenovirus type 8. Evidence has been pre 


w 


sented that this association involves an etio- 
logic relationship and that adenovirus type 8 
is capable of producing a disease compatible 
with typical epidemic keratoconjunctivitis. It 
is not implied that it is the sole etiologic 
agent of this infection. However, current 
evidence warrants the suggestion that the 
clinical diagnosis of epidemic keratoconjunc- 
tivitis be confirmed by laboratory tests for 
infection with adenovirus type 8. Additional 
problems are discussed which will have to be 
solved before adenovirus type 8 may be 
accepted as the sole etiologic agent of epi- 
demic keratoconjunctivitis, 

University of Califorma 


Medical Center (22). 
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DISCUSSION 


Dr. Atson E. Bratey (lowa City, Iowa): It is 
a pleasure to have the opportunity to discuss such 
a complete study of the isolation of a virus by 
modern methods. This virus has been isolated in 
several locations in California, in Japan, and in 
Scotland; and all 
gather it from the paper, are identical 

The neutralizing have shown a dis- 
tinct rise in titer, which would mean that this un- 
doubtedly is the cause of epidemic keratoconjuncti- 
vitis. The classification of the virus as a type 8 
adenovirus, of course, might be questioned, since 
it does not seem to have any association with any 
of the other adenoviruses, although there may be 
some slight cross-agglutination. 

I would like to know when the highest titer of 
the sera develops. Is it at 60 days, 90 days, or 
when? Most of the paired sera were taken either 
in a short period during and after the infection, 
or they might been taken a year or more 
later. | wonder if the had evidence 
that any immunity developed which was of lasting 


three of these isolations, as | 


antibodies 


have 
authors aly 
value. 

During the 1941-1943 and later in 7 1947 epi- 
demics, a number of patients who had b..d epidemic 
1941 had recovered from 
a few of these same 


keratoconjunctivitis in 
the disease and then, in 1947, 
patients developed epidemic keratoc« njunctivitis 
with corneal opacities. I had felt that as long as 
the corneal opacitics were present, antibodies could 
be demonstrated 

The study of human volunteers is extremely in- 
teresting. I should liked to have had an 
opportunity to examine some of them because they 
present findings those of the human 
volunteer who 1942, at which 
time a much milder disease developed than de- 
veloped with accidental inoculation of the patient 

I wonder if Dr. Mitsui has any further informa- 
tion on these human volunteers, and also whether it 
was possible to re-isolate the virus from these 
human volunteers after they had been inoculated 

This is another advance in the study of virus 
diseases. The paper is well conceived, well pre- 
sented, and there is very little in it to find fault 
with. 


have 


similar to 


was inoculated in 


Dr. Davin G. Cocan (Boston): I should like to 
ask Miss Hanna if all these known cases of adeno- 
virus type 8 were bilateral involvements and, if 
not, whether she has any evidence as to the causes 
of the unilateral counterpart, wherein it appears 
that the same clinical entity involves only one eye 

Miss LAveLLeE HANNA (closing): I am 
can’t answer your question, Dr. Cogan. I do not 
know whether there were unilateral cases in 
this series or not. In many instances in these isola- 


afraid | 
any 


tions from Japan we have not seen the patients 
The cases I know were bilateral and, in most in- 
stances, the volunteers Dr. Mitsui inoculated had a 
bilateral infection. I can't there 
any difference as far as bilateral 
cases are concerned. 

To answer some of Dr. Braley’s 
adenovirus by definition is one which presents a 
typical kind of cytopathogenic effect in epithelial 
cells in tissue culture, and which has a comple- 
ment-fixing antigen, that is an antigen in common 
all adenoviruses. By there are 16 or 
don’t know the latest count. They all fix 
complement equally, or nearly so, identified 
as being capable of showing antibody increases in 
complement fixation between paired sera 

The typing was done at the National Institutes 
of Health by Dr. Huebner’s group, and as far as 
we concerned we must accept this virus as 
being an adenovirus. Since it was the next one in 
line, it became type 8. 

As far as our immunologic studies 
cerned, we do not know whether neutralizing anti 
clear-cut effect in terms of im- 
However, we do have two 


whether was 


and 


say 
unilateral 


questions, an 


with now 


so, I 


and are 


are 


are con- 


bodies have any 
munity and protection 
instances of volunteers in whom no infection could 
be produced, and who had neutralizing antibodies 
at the time of inoculation. 


Viruses were re-isolated from volunteers. It 
showed on the chart but the chart was not very 
readable 


I would like to ask Dr. Braley if a keratitis was 
produced in the volunteer he inoculated. I believe 
there was keratitis in three of the five volunteers 
of Dr. Mitsui. 


PRECIPITATING ANTIBODY TO TOXOPLASMA* 


A FOLLOW-UP STUDY ON FINDINGS 


G. RICHARD ( 


IN 


THE BLOOD AND AQUEOUS HUMOR 


Connor, M.D. 


Bethesda, 


In a previous report,’ a method for the 
detection of anti-Toxoplasma precipitins in 
the blood and aqueous humor of patients 
suspected of ocular toxoplasmosis was de- 
scribed. These antibodies appeared to be 
heat-stable gamma globulins which gave rise 
to a single homogeneous band of precipita- 
when 


tion reacted with their homologous 


antigen in a semi-solid agar gel. 
The method of Ouchterlony? 


by Halbert*® seemed to be most useful in the 


as modified 


detection of small quantities of antibody, 
such as are present in the aqueous humor. 
By means of the so-called “reaction of iden- 
tity” (fig. 1) in which bands of precipitation 
from adjacent pairs of antigen and antibody 
wells fuse to form an obtuse angle, instead 
of crossing at their point of natural inter- 
section, it has been shown that there is at 
least one type of antibody molecule which is 
common to both aqueous humor from pa- 
tients with presumptive toxoplasmosis and 
the sera of infected rabbits 

In each of the four previously reported 
positive cases, where precipitins were demon- 
strated th Toxo- 
plasma dye test was positive on the patient’s 


in aqueous humor, the 
serum at a titer of at least 1: 1,024. Similarly, 
in every case where precipitating antibodies 
were identified in a given specimen of either 
aqueous or serum, the Toxoplasma dye test, 
performed simultaneously on the same speci 
men, was positive to at least some degree. 

In the interval between the first report’ 
and the present article, major efforts have 
been directed toward: (a) the refinement of 
antibody-detection techniques with special 


*From the Ophthalmology Branch, National 
Institute of Neurological Diseases and Blindness, 
National Institutes of Health, Public Health Serv- 
ice, U. S. Department of Health, Education, and 
Welfare. 


Maryland 


uw 


reference to the purification, concentration, 
and analysis of the antigen; (b) the accumu- 
lation of data from the testing of 63 speci- 
mens of human aqueous humor ( Part I); 
and (c) the development of radioactive 
labelled antibody for studies of localized im- 


mune reactions in the eye ( Part IT). 


Part | 
MATERIALS AND METHODS 


A. 


ANTIGEN-ANTIBODY STUDIES 


Antigens used for precipitin reactions in 
agar consisted of supernatant fluid from the 
pooled, centrifuged peritoneal exudates of 
had been infected two 


mice which 


albino 


Fig. 1 (O’Connor). Reaction of identity. 
AN: Toxoplasma antigen concentrate 
1: Rabbit gamma _ globulin (‘Dye _ Test 
1 :1,024) 
2: Human serum: P.M. (dye test 1:256) 
3° Human serum: T.B. (dye test 1:256) 
Human serum: E.E. (dye test neg.) 
5: Human serum: N.I. (dye test 1:1,024) 
6: Human serum W.B (dye test 


1 :261,504) 
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days previously by intraperitoneal inocula- 
tion of RH strain Toxoplasma gondii (0.1 
ml. of a suspension containing 10° to 10° 
organisms |[ml.]). The supernatant fluid, 
originally diluted 1:2 in 0.85 sodium-chloride 
solution, was then further concentrated by 
pipetting it into a closed segment of washed 
dialysis tubing, and allowing it to hang in a 
stream of cold air at 7°C. for five or six 
days. In this way, a 10-fold concentration 
of the original exudate was achieved without 
appreciable denaturation of the antigen. An 
alternate method of concentration consisted 
of dialyzing the supernatant fluid against a 
five-percent solution of polyvinyl pyrroli- 
done for 24 hours. This produced satisfac- 
tory reduction of the fluid volume in a short 
time, but apparently denatured the antigen 
to an extent where it could yct be detected. 

In another group of four «xperiments, 
supernatant fluid from the pooled mouse 
exudates was diluted 1:1 with cold saturated 
ammonium sulfate solution. The precipitate 
obtained from the half-saturated ammonium 
sulfate solution mixture was centrifuged at 
2,800 rpm for 20 minutes. After decanting 
the supernate, the precipitate was resus- 
pended in an approximately equal volume of 
distilled water, dialyzed against running tap 
water overnight, and then against 0.85-per- 
cent sodium chloride solution at 7°C. for 
three day s. The soluble and insoluble frac- 
tions of the mouse exudate were then tested 
separately for antigen potency. 

Undiluted human and rabbit sera, as well 
as gamma globulin extracts of the sera, were 
tested 
scribed previously,’ using 0.8-percent Difco- 
Bacto agar buffered with Veronal (pH 7.4) 
Globulin extracts 


for precipitating antibody, as de- 


as the diffusion medium 
were prepared both by precipitation in half- 
saturated ammonium sulfate solution and 
by means of the electroconvection apparatus 
of Raymond* as described in the previous 


paper.’ 
B. AQUEOUS HUMOR STUDIES 


Specimens of aqueous humor were tested 


RICHARD O’CONNOR 


for precipitating antibody by placing the 
undiluted aqueous in the central well of an 
agar plate, and allowing it to diffuse toward 
six antigen wells, arranged in a hexagon at a 
radial distance of 1.3 cm. from the aqueous 
source (fig. 2). Aqueous humor specimens 
were tested against the antigens of Toxo 
plasma. Staphylococcus aureus, beta hemoly 
tic Streptococcus ( Halbert strain H-414-6),? 
Histoplasma capsulatum, Tubercle bacilli, 
and a control antigen derived from nonin- 
fected mouse tissue, at concentrations of 1.0 
mg. antigen protein per ml. When aqueous 
humor samples containing relatively large 
amounts of antibody were tested, precipitin 
lines appeared within 24 hours or less under 
Where 


antibody was present in higher dilution, defi- 


conditions of refrigeration at 7°C. 


nite precipitation did not become visible be- 


fore three or four weeks, in some cases. 
RESULTS 


A. ANTIGEN-ANTIBODY STUDIES 


The antigen solutions, produced by 10-fold 
concentration of peritoneal exudate, gave 
rise to much sharper, heavier precipitin lines, 
when reacted with sera of known high speci 
fic activity, than were observed in the origi 
nal series of experiments.’ Similarly, more 
definite lines were observed with aqueous 
humor from suspect patients when the con 
centrated antigen was used (fig. 2). As in 
the case of antigen used for complement 
fixation tests, the supernatant fluid from the 
peritoneal exudate of infected mice was a 
more satisfactory source of soluble antigen 
than the cellular sediment from this material. 

The use of highly concentrated antigens 
showed, further, that precipitating antibody 
to Toxoplasma is not a single homogeneous 
protein, as previously believed, but rather a 
heterogeneous mixture of at least four pre 
all of 


demonstrable in every positive serum (fig. 


cipitating substances, not which are 
3). Thus when sera from different patients 
known to be positive for antibodies to Toxo 
reacted side-by-side with a 


plasma were 


single antigen solution of known high po- 


ATING 


Fig 
AO 


2 (O'Connor). Precipitins in aqueous humor 
Aqueous humor sample (F. B.) 

Toxoplasma ant 

Nonin fected control 

(spleen ) 

Stapl vlococcus ant meg mil. ) 


streptoc ccus ant 


Histoplasma antigel 


bacillus 


Tubercle 
tency, a multiplicity of lines was observed, 
some of which crossed with lines laid down 
by adjacent sera (fig. 4). It is noteworthy 


that one single dens« 


ANTIBODY 


(O'Connor ) 


Fig. 4 


TO TOXOPLASMA 


Comparison of 


lines 


from 


band appeared to be 


various sera. 


AN, 
1: Human gamma 
1 :1,024) 
Human serum 
1 :261,504) 
Human 
1 :16,384) 
Rabbit 
Rabbit 
1 :1,024) 


Human 


concentrate 
{ dy e 


Toxoplasma antigen 


globulin test 
test 


gamma _ globulin (dye test 


50,000 ) 


(dye 


(dye test 1 
globulin 


serum 


gamma test 


serum: ]|.S. (dye test 1:16,384) 


sera, as indicated by the 


Whether the additional 


common to all 


“identity reaction.” 


bands represent immune substances formed 


in response to particular parts of the or- 
ganism, as is the case with the somatic and 
flagellar antigens of the typhoid bacillus, or 
whether they represent periodic precipita- 
tion of various fractions of the same anti- 
body with different avidities for the antigen, 


remains to be seen. 


3 (O'Connor). Multiple precipitin lines 
Toxoplasma antigen concentrate 
Human serum: N.I. (dye test 1:256) 
Human serum: E.E. (dye test neg.) 
Ether extract of Serum: E.E 
Human serum: R.B. (dye test 
Human globulin (dye 
1 :16,384) 

Human serum: E.D, 


1:1,024) 


gamma test 


(dye test 1:1,024) 


\ 
\ 4 | 
| 
\ \ 
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Further protein fractionation studies of 
the antigen preparations revealed that the 
antigen was precipitated almost completely 
in half-saturated ammonium sulfate solu- 
tion, leaving the albuminous supernate vir- 
tually free of activity. The precipitate when 


redissolved in distilled water and dialyzed 


against cold normal saline for three days 


showed undiminished activity, behaving for 
all intents and purposes like a serum globu- 
lin. 


B. AQUEOUS HUMOR STUDIES 


Sixty-three specimens of aqueous humor 
have now been tested for precipitating anti- 
bodies to Toxoplasma gondii. The test in its 
present form is a qualitative one ; however, 
certain semiquantitative observations can be 
made even under the conditions described. 
All other factors being equal, the relative 
density of the precipitin line is proportional 
to the antibody concentration. As noted 
above, the time of its first appearance is 
inversely proportional to its concentration. 
Its position in the agar with regard to the 
relative distances between the line and the 
corresponding antibody and antigen wells is 
also a measure of concentration; for, if other 
conditions remain constant, the concentration 
of antibody at any one point in the agar is 
inversely proportional to the square of its 
distance from the antibody source. Since 
maximal precipitation occurs at a point 
where the concentrations of antibody and 
antigen reach a specified optional ratio, it 
can, in general, be said that a line which 
appears relatively further away from the 
antibody well represents a more concentrated 
source of antibody than one which forms 
closer to the central well. These observations, 
combined, permit the grading of the degree 
of precipitation according to a 1+ to 4+ 
system. 

Of the 63 samples of aqueous humor 
tested, 32 specimens have come from patients 
seriously suspected of ocular toxoplasmosis 
on the basis of high serum Toxoplasma dye 
tests (over 1:64), positive skin tests, and 


compatible lesions in the uvea. Three repre- 
sent samples taken from eyes affected by 
tumors or other noninflammatory lesions. 
Eight samples were obtained from patients 
with negative serum dye tests. The re- 
mainder represent specimens procured from 
patients in whom the evidence for toxoplas- 
mosis, based on standard concepts, was no 
greater than for other conventional causes 
of uveitis. 

In every case where a sufficient volume of 
aqueous humor permitted, a Toxoplasma dye 
test was performed simultaneously on an 
aliquot of the same sample. The data pre- 
sented in Table 1 summarize our results 
to date. 

Of the 11 positive specimens, of which 
one represents a second sample of aqueous, 
obtained eight months after the first, all came 
from patients who were strongly suspected 
of toxoplasmosis on the grounds of positive 
dye tests, skin tests, and compatible eye 
lesions. In every case the serum dye test was 
positive at a titer of at least 1:256. There 
were no positive reactions among patients 
with negative serum dye tests, or among pa- 
tients with dye tests below 1:256, regardless 
of whether or not their eye lesions seemed 
compatible with toxoplasmosis. 

The aqueous humor from two patients 
showed precipitating antibodies to beta 
hemolytic Streptococcus (Halbert’s strain 
H-414-6). Figure 5 
between well No. 4 containing streptococcal 
antigen and the central well containing aque- 
ous humor. One of these patients showed a 
concomitant antistreptolysin 0 titer of 166 


shows a precipitin line 


units in her serum. 


TABLE 1 


STATISTICAL SUMMARY OF PRECIPITIN 
TEST RESULTS 


Total specimens tested 

Presumptive toxoplasmosis patients 

Positive toxoplasma precipitin reactions 

Negative toxoplasma precipitin reactions 

Uveitis of other possible etiology including non- 
granulomatous 

Nonuveitis controls 

Precipitin reactions to other antigens (strepto- 
coccus) 


63 
32 
11 
52 
28 

3 

2 
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TABLE 2 


PRECIPITATION REACTIONS IN AQUEOUS HUMOR 


Patient Degree of Serum Dye Aqueous Precipitins Flare i 1 Ante-| Duration of 
Precipitation lest Dye Test in Serum rior Chamber Disease 
Ag F.P. + + 1:256 Neg. 2+ 8 vr. 
2. W.B. 1:261, 504 1:32 ++ 3+ 7 mo 
53. + 1:65,376 4+ 34 yr. 
4. N.Z + 1:1,024 Neg + ? 30 yr 
5. R.B. + + 1:1,0624 1:64 Neg 2+ 9 mo 
6 1 B + + 1:256 1:64 2+ 44+ 10 yr 
7. E.D soe 1:1,024 1:64 Neg 3+ 5 mo 
8. F.B + + 1:256 1:4 Neg 3+ 6 mo 
9. L.Mu. + 1:256 1:128 Neg 2+ 4 mo 
10. J.S. + + 1:4,096 1:64 44 + 44 yr. 
11. L.Mo. + 1:256 1:256 j Neg. + 14 yr. 


Table 2 characterizes the patients from with dye test antibodies and complement- 
whom the 11 positive tests for Toxoplasma fixing antibodies, is likely. 
precipitins were obtained. Serum dye test 
titers are recorded for each patient, as well 
as the simultaneous aqueous dye test titer, 
and the degree of precipitation reaction in 
both the aqueous humor and the serum. An 
estimation of the amount of flare in the 


chamber reaction is also tabulated. 


DISCUSSION 


On these data several interesting observa 
tions can be made. Case 8, for example, from 
whom the most strikingly positive aqueous 
precipitin test was obtained (fig. 2), showed 
an aqueous dye test of only 1:4, and no pre- 
cipitating antibody in his serum. This same 
patient had the relatively low serum dye test 
titer of 1:256. Case 9, on the other hand, 


who showed a similar pattern of reactions in 
his serum, had a dye test titer of 1:128 in 


Fig. 5 (O’Connor). Antistreptococcal precipitins 
his aqueous, along with a barely visible aque- in aqueous. 


ous precipitin reaction. From these and other AQ: Aqueous humor sample (L.M.) 
. . 1: MP 1: Toxoplasma antigen 
data cited previously,’ it seems that precipi 


2: Mouse spleen control 
tating antibody and dye test antibody may 3: Staphylococcus antigen 
represent two different molecular entities. 4: Streptococcal antigen (Halbert strain 
H-414-6) 


That these two substances may appear in a 
? 5: Histoplasma antigen 


different phases of the disease, as is the case 6: Tuberde bacillus anticen (PPD) 
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Six cases in the present series showed 
positive aqueous dye tests at a titer of at 
least 1:4 without concomitantly positive pre- 
cipitin tests. The aqueous dye tests, for the 
performance of which the author is indebted 
to Dr. Leon Jacobs and Mr. Milford Lundy 
of the National Institute of Allergy and In- 
fectious Diseases, were positive at a dilution 
of at least 1:4 in every case of positive pre- 
cipitin reaction seen thus far. There is, 
however, little parallelism in the degree of 
positivity when the two tests are compared 
side by side. 

It would seem that at least a minimally 
detectable amount of flare must be present 
in the anterior chamber in order for the 
precipitin reaction to be positive, This is not 
that 


disease of the 


to say granulomatous inflammatory 


anterior segment must be 
present in all such cases. In several instances 
where only slight flare could be detected, it 
was felt that this represented a reflection of 
active inflammatory response in the posterior 
segment of the eye. 

Of particular interest is the fact that 
seven out of the 11 positive cases have shown 
precipitating antibody in their aqueous hu- 
mor, where none could be demonstrated in 
their serum. Feeling that serum lipids, al- 
bumin, or other protein molecules might 
interfere with the detection of precipitins in 
the serum, globulin extracts have been made 
from five of these sera by the ammonium 
sulfate precipitation method. On_ testing 
these globulin extracts, no additional precipi- 
tins could be demonstrated. If, as Witmer’ 
has intimated in his work on leptospiral 
uveitis, there is local antibody formation in 
the uvea, the present studies would tend to 
substantiate his supposition. The conven- 
tional idea that antibodies are found in the 
eye only by virtue of an increased permea- 
bility of the blood-aqueous barrier seems in- 
adequate to explain the findings presented 
here. Unless, as Verrey® suggests, there is 
stock-piling of antibody in the eye from 
some previous occasion when precipitins 
were actually present in the circulation, it 
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must be assumed from these studies that 
there is local formation of precipitating anti- 
bodies in the eye itself. As such, the precipitin 
test represents a valuable diagnostic aid in 
the etiologic evaluation of uveitis. 

In this regard, the finding of precipitating 
antibody to beta-hemolytic Streptococcus in 
two cases of the series presented here sup- 
ports the previous statement that the tech- 
nique of testing aqueous by diffusion in agar 
has general applicability in the sphere of 


etiologic studies. 


Part I] 


RADIOACTIVE LABELLED ANTIBODY 


A second category of investigation, involv- 
ing the use of radioactive labelled antibody, 
has been undertaken in the attempt to deter- 
mine the specific nature of a given granu- 
lomatous lesion in the eye. On the supposi- 
that 


antigen is present in the local tissue site, 


tion a certain amount of Toxoplasma 
particularly during the more acute prolifera 


tive phase of the disease, lesions should 
theoretically be identifiable on the basis of 
the particular antigen detected. If circulating 
precipitins gain access to the eye at all, it is 
felt that a relatively larger portion of them 
should become sessile in the lesion, bound, as 


it were, to specific antigen. 


MATERIALS AND METHODS 


From pooled specimens of rabbit antisera, 
having Toxoplasma dye test titers of at least 
1:1,024, 
were made by precipitation in half-saturated 


gamma _ globulin preparations* 
ammonium sulfate solution. Ten cc. aliquots 
of globulin solution, suitably diluted with 
M/20 Disodium phosphate until they con 
tained approximately 20 mg. of protein per 
ml., were then labelled with I'*' in the pres- 
ence of excess potassium iodide, according 
to the method of Talmage et al.’ After the 
removal of 80 to 90 percent of the non- 


* Kindly supplied by Dr. Leon Jacobs, National 
Institute of Allergy and Infectious Diseases, Be 


thesda, Maryland 
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protein bound iodine through the use of an 
anionic-exchange resin column, the material 
was sterilized by Seitz filtration. Samples of 
the preparation were then tested for precipi 
tin activity by the agar-diffusion technique, 
using a single large well for the antibody 
solution and another well located eight mm. 
from it for the Toxoplasma antigen solution 
(fig. 6). 

An attempt was made to demonstrate that 
the precipitin line so produced was itself 


glass plate coated 


25 


radioactive. Accordingly, a 
with Kodak Photographic Emulsion A (25 p 


thickness) was exposed to the surface of 


12 hours under conditions of 


When the 


was separated from the agar only by a single 


the agar for 


complete darkness. plate, which 


layer of cellophane, was then removed, de 


veloped, and fixed, exposure of the photo 
graphic emulsion to radioactive particles in 
(hg. 7). 


the agar could be documented 


Intravenous injections of this radioactive 


antibody, containing approximately wc. 


per ml. were administered in doses of 2.0 


ml, per kg. to a series of eight rabbits. Ap 


Fig. 6 (¢ )’Connor ) lines from labelled 


antibody 

AB I™: Rabbit labelled with 

AN: Toxopl 


oncentrate 


ANTIBODY 


TO TOXOPLASMA 


AN 


Fig. 7 (O'Connor). Autoradiogram of precipi- 
tin line 

AB: Radioactive rabbit globulin 

AN: Toxoplasma antigen 


Arrow marks location of precipitin line image 


concentrate 


proximately 0.01 cc. of a suspension of for- 
malin-killed Toxoplasma organisms (con- 
taining 0.098 gm. mouse peritoneal exudate 
sediment per ml.) had been injected, through 
a No. 27 needle, under the retina of the 
right eye of each animal 24 hours prior to 
the administration of the labelled globulin. 
A similar subretinal injection of a suspen- 
sion of killed human tubercle bacilli* (2.5 
mg./ml. of saline) was performed with the 
aid of direct ophthalmoscopy on the left eye 
of each rabbit. 

The rabbits were killed approximately 24 
hours after the administration of the labelled 
globulin, at which time five percent of the 


initially injected radioactive material could 


still be detected in the blood stream. The eyes 
were removed immediately and dissected free 
of the majority of their muscle and adherent 
tissues. They were rendered soft by para- 
centesis of the anterior chamber in order 
that they might fit more easily into the nar- 


row confines of a well-counter, in which as- 


supplied by Dr. Jules Freund, Na- 
Allergy and Infectious Diseases, 


* Kindly 
tional Institute of 
Jethesda, Maryland. 
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says of their individual radioactivity were 
made. 

Following this procedure, the eyes were 
fixed in formalin and then sectioned by both 
the frozen-section technique and the stand- 
ard paraffin method. After sections of 25 p 
average thickness were cut and mounted, 
radioautographs were made using standard 
1.0 by 3.0-inch microscope slides coated with 
photographic emulsion A. Additional sec- 
tions were stained with hematoxylin-eosin, 
Giemsa, and Kinyoun’s carbolfuchsin stains 
to confirm the presence of organisms in the 
tissue. 

RESULTS 

Figures 6 and 7 confirm the fact that 
precipitating antibody to Toxoplasma can 
be labelled with radioactive iodine without 
loss of immunologic activity. The radio- 
graphic image of the precipitin line seen in 
Figure 7 corresponds exactly to the position 
of the line seen on the ordinary-light photo- 
graph (fig. 6), showing that the precipitin 
line itself is radioactive. It has in it a rela- 
tively higher concentration of radioactive 
particles than the agar immediately sur- 
rounding it. 

The results of the radioactivity assays on 
the eight pairs of eyes described above are 
Table 
no statistically significant difference between 


summarized in 3. The values showed 
the radioactive uptake of the two eyes of a 
given animal in this series. 

Radioautographs of sections of the eyes, 
developed three weeks after exposure, failed 
to show selective ocular uptake of radioactive 
material, although ordinary histologic stain- 
ing of these sections confirmed the presence 


of organisms in the retina and choroid, with 


small numbers of inflammatory cells about 
them. This preliminary experiment, per- 
formed in, conjunction with Dr. James 
O’Rourke and Mrs. Eleanor Collins, of the 
Ophthalmology Branch of the National In- 
stitute of Neurological Diseases and Blind- 
ness, would indicate that either circulating 
radioactive antibody does not gain access to 


TABLE 3 


COMPARATIVE GROSS RADIOACTIVITY (MC.) OF 
RABBITS’ EYES 24 HOURS AFTER INTRA- 
VENOUS LABELLED GLOBULIN INJECTION 


Right Eye 
(Toxoplasma (Tubercle bacillus 
lesion) lesion) 
uc. uc. 


Left Eye 
Rabbit No. 


.00127 
.00128 
.00158 
.00178 
.00164 
.00180 
.00137 
.00139 


.00127 
.00177 
.00126 
.00198 
.00119 
.00186 
.00167 
.00125 


the eye in sufficient quantity to be detected 
by the methods employed here, or that it 
cannot displace nonlabelled sessile antibody 
which may already be present in the tissue. 


SUMMARY 


1. The presence of anti-Toxoplasma pre- 
cipitins in both the blood and aqueous humor 
of patients suspected of ocular toxoplasmosis 
has been established. 

2. Precipitating antibody has been de- 
tected in the aqueous humor of 11 patients 
out of a total of 32 seriously suspected of 
The 


precipitating antibody in the aqueous humor 


ocular toxoplasmosis. occurrence of 
of seven patients who had no demonstrable 
precipitins in their blood suggests that the 
antibody is formed in the eye itself. Under 
the conditions outlined, therefore, the pre- 
cipitin test is of value as an adjunct to diag- 
nosis. 

3. Precipitating antibody to Toxoplasma 
has labelled 
without loss of immunologic activity. 

4. The specific uptake of labelled antibody 
in eyes with experimental toxoplasmic lesions 


been with radioactive iodine 


could not be demonstrated in preliminary 
experiments. 
Ophthalmology Branch (14). 


I wish to thank Dr. Leon Jacobs, Dr. James 
O'Rourke, Mrs. Eleanor Collins, and Mr. Lee 
Caldwell for their advice and assistance in Part II 


of this work. 
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DISCUSSION 


\ study of 
iqueous presents cer- 
whicl heretofore 
standard microchemi 


Dr. ALAN C. Woops (Baltimore) 
the precipitin content of the 
tain difficulties 
been virtually insoluble. The 
cal technique of quantitating precipitins is inappli- 
quantity of aqueous 


technical have 


cable on account of the minute 
available. The end-point tecl 
amounts of the fluid to be 


nique, wherein standard 
examined are exposed 
to diminishing amounts of the antigen, cannot be 
used to determine aqueous precipitins for the same 
reason. The standard technique is 
unsuited for precipitin studies for the reason that 
fluid to be tested 


tube-dilution 


when diminishing amounts of the 
are exposed to standard amounts of antigen, the 
inhibitory effect of excess amounts of antigen be- 
when diluted over 1:20 
he aqueous the initial protein con- 
tent is so low that cannot be demon- 
strated by this technique ever the low dilutions 
Dr. O’Connor has 


y happily solved this 
question for us by applying the agar-diffusion tech- 


comes evident serum is 
In the case of 


precipitins 
now 


nique, and has really opened up a new avenue for 


investigation in ocular immunology 

In his first paper he reported that the sera of 
immunized rabbits with Toxoplasma dye 
test in a titer of 1:50,000 or more, 
Toxoplasma precipitins in serum dilutions as high 
as 1:16. He then manner in which 
the agar-diffusion technique could be applied to a 


Toxoplasma precipitins in 


a positive 
showed specific 
outlined the 
study of the specific 
the aqueous and blood serum both of patients and 
experimentally immunized animals. In his present 
paper, he has outlined his further experiences. In 
a new method for 
antigen, (2) has 
suspected cases of ocular 
demonstrate 


summary, he has (1) given us 
neentrating the 


refining and c 
reported that in 11 of 


toxoplasmosis he has been able to 
specific Toxoplasma precipitins in the aqueous, (3) 
that there is some evidence these precipitins differ 


and may arise from different fractions of the anti- 
gen, (4) that in the over-all picture these precipi- 
abundant in the aqueous 
hat there is a marked 


tins appear to be more 


than in the blood serum, (5) 


difference in the relative intensity of the precipi- 
tin content and the dye test titer, (6) that these 
differences suggested to him that the precipitating 
antibody and the dye test antibody are different 
immunologic entities, and (7) that the total accumu- 
lated evidence supports the tentative proposition of 
the local formation of antibody in the tissues of the 
eye. 

I believe his findings fully support the hypothesis 
that the precipitating antibody and the dye test 
antibody are different immunologic entities. If the 
precipitating antibody is in truth the sensitizing 
antibody, its occasional relatively high concentra- 
tion in the aqueous and ocular tissues may explain 
some of the peculiarities of ocular toxoplasmosis, 
notably the acute anterior inflammatory reaction 
and the intense generalized retinal and subretinal 
edema occasionally seen superimposed on an old 
focal glial scar. Both are almost certainly allergic 
reactions, and are probably dependent on sensitiz- 
ing antibodies in the ocular tissues 

The question of local antibody formation in the 
eye is one of intense interest. Certainly such a 
hypothesis is the logical explanation for the focal 
reaction to tuberculin which can be produced in 
the tuberculous eye of both man and experimental 
animals. In individuals or animals the 
temic administration of an amount of 
tuberculin will evoke a transient, but violent focal 
inflammatory reaction in the eye, without any con- 
comitant evidence of a systemic allergic reaction. 
If one presupposes that the prior ocular disease has 
left behind highly sensitized ocular tissues as com- 
pared to the other body tissues, then this reaction 
can readily be understood. But the idea of local 
antibody formation has been an anathema to pa- 
thologists. Rich and Follis, in their study of focal 
reactions in animals with an old tuberculous kera- 
titis, came to the conclusion that the enhanced cor- 
neal reactivity to tuberculin was due to the in- 
creased vascularity which resulted from the prior 
tuberculous disease. To my mind, the local produc- 
tion of sensitizing antibodies is a much more logi- 


such sys- 


excessive 
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G 
cal and satisfying explanation. I am delighted to 
see Dr. O'Connor produce experimental evidence 
supporting this hypothesis 

I must confess I am not unduly surprised at Dr 
O’Connor’s failure to demonstrate a mobilization of 
radioactive antibodies around a formalin-killed 
Toxoplasma antigen injected under the retina of 
normal rabbits. There are too many unknown po- 
tentials which may enter into the question of anti- 
body-antigen union 
so forth. Could the Toxoplasma antigen in this 
case have been denaturized by the formalin treat- 
ment? It was an interesting experiment, and a 
point I feel confident Dr. O’Connor will ulti 
mately demonstrate in However, I 
cannot help but wonder if such antibody accumula- 
tion could not be better demonstrated by the in- 
jection of tagged antigen in an experimental animal 
Thus if ocular 
toxoplasmosis were produced in a series of hamsters 
after the method reported by Frankel, and these 
animals were later injected with a tagged antigen 
(fluorescein? radioactive iodine?), the actual anti- 


opsonization, phagocytosis, and 


some manner 


with the specific ocular disease 


body-antigen union and any excess antibody ac 
cumulation in the eye might thus be demonstrated 
There might be technical difficulties in 
tagging the antigen, but such an experiment would 
be most interesting. Were | 
energetic I would be tempted to tackle it myself! 

One other point, suggested but not emphasized by 
Dr. O'Conner, has a tantalizing attractive- 
This point is that 
technique might well be used to demonstrate aqueous 
precipitins other pathogenic agents 
known to cause uveitis. Thus one might visualize 
granulomatous uveitis to 


serious 


younger and more 


most 
ness this same diffusion agar 
specific for 


the etiologic diagnosis of 
be reduced to the inoculation of one agar plate 
from the central well of which aqueous precipitins 
could diffuse out to meet specific antigens emanat- 
ing from a surrounding 
contaiming various antigens 


circle of wells 
Thus it would only be 
necessary to obtain a sample of the aqueous, inocu- 
late the center with it, and the surrounding 
wells with the specific antigens, to then incubate 
the plate in a refrigerator for a few hours or a 
couple of days, then read the lines of specific pre- 
cipitation and obtain the answer! The same tech 
nique could conceivably be extended to determine 
a specific bacterial sensitivity in nongranulomatous 
uveitis. Thus an endless amount of labor, much of 
which is futile, might be spared to the ophthal- 
mologist as I might wish such a 
happy development, I doubt that such a “Utopia of 
will crystallize into reality, but such a 
test may well develop into 
confirmatory 


accessory 


well 


However, much 


diagnosis” 
a valuable adjunct or 
procedure in difficult and obscure 
cases 

Dr. O’Connor is to be congratulated on his in- 
vestigations, his conclusions, and his presentation 
He has given us a practical method for the de- 
termination of precipitins in the aqueous, has made 
a valuable contribution to our knowledge of ocular 
toxoplasmosis, offered evidence to support a radical, 
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but plausible, immunologic concept, and has sug- 
gested a probable application of this agar-diffusion 
technique to the etiologic diagnosis of uveitis. We 
are in his debt. 

Dr. MICHAEL (San 


had some personal communications with Dr. O’Con 


HoGAN Francisco): I have 


nor, and several months ago had the opportunity 


to see his work at the National Institutes of 
Health. Last summer we had a summer student 
fellow working on this technique, and after per 


sonal correspondence with Dr. O’Connor we got a 
fair amount done 

Our difficulties seemed to lie in inability to get 
clear-cut lines on performing the test. Also, tl 
lines which did form took a considerable period to 


develop, sometimes as long as four to six weeks 
However, I think our difficulties were probably the 
started 
doing the test, and I believe his ability to develop 


with 


same as those Dr. O’Connor had when he 


a concentrated antigen along refinements in 
the type of agar used have made this an extremely 
valuable tool for the investigation of certain ocular 
immune mechanisms 

The one aspect of this problem that bothers me 
is that, ordinarily, in a patient with ocular 
plasmosis, the disease in most instances affects the 


choroid and retina. | wonder how it is 


toxo 


posterior 
possible for such a disease to cause a high rise in 
antibody titer in the aqueous humor 

Normally the flow of fluid, I 


posterior eye is outward through the adjacent ret- 


believe, from the 


ina or through the optic disc. One would expect, 


if an antibody diffused from the acute lesion, that 


it would diffuse toward the posterior eye rather 
than the anterior eye 
I suppose one explanation would be that, some- 


how, the antibodies got into the aqueous humor via 
the circulation of the anterior eye. One explanation, 
as emphasized by Dr. O'Connor, is that 
formation occurs in the anterior eye 


actual 
local antibody 
in response to the disease 
Those of you who saw Mrs. Wilder’s prepara 
tions will remember that there was quite a reactive 
the ciliary body and iris in 


inflammation in some 


of the cases: however, in others it was insignificant 
This might explain the variation in precipitin titer 
in some of Dr 
One of his 
titer, 1:64, I 
titer in the aqueous humor 


O’Connor’s cases 
patients had a low serum dye test 
four-plus precipitin 
| think his explanation 


believe, and a 


of a possible local rise as a result of previous in 
Woods also) 
a relapse of 
disease resulted in a very high serum dye test titer, 
out of all proportion to the titer one might expect 
with such a small degree of ocular 
In two of our cases in which a relapse oc 
curred, the dye test titer was 1:16,000. If this can 
occur with serum antibody it should occur locally 

So, I believe the eye and the serum probably are 
capable of reacting much more strongly in patients 
who have had previous infection, and this would 
account for such a result 


fection is likely, because we (and Dr 


have found cases in which an ocular 


inflammation 
such 


ATING 


Dr. G 
make my closing 1 1 brief. |] 


RICHARD ‘Co closing): I will 
think Dr 


Hogan’s cogent comm ibsence of an 


terior segment response portant thing 


tione nfortunately, if 


lon’t find me deg f flay n tl 


that has beer met we 


re antelr 
recipitin We are 
pendent on that for 

Just 


segment, we 


positivit 


I results 


how the antibody anterior seg 
ewhat o! I tery, but | think 


by Mrs. Wilder’s 


articularly plasma 


ment remains son 
its presence 1s co 
findings of infla 
I yf eyes in 


which sug 
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Nex 


INTRODU¢ 


rION 


ice mce 


Chere is a wealth of « that during 


development the expanding vertebrate eye 
on the mor 
The 
in orbital development has 
Wess ly (1920), Coulom 
bre and Crelin (1957), Washburn and Det 
wiler (1943), and others. Amprino (1949, 
1950, 1951) the 


role of the growing ey: 


exerts a mechanical infl 


uence 
phogenesis of surrounding structures. 
role of the eve 


been studied by 


1 


has extensively evaluated 
in the development 
of the adnexa. 

Less experimental work has been done on 
the role of intrinsic mechanical factors in the 
Weiss and 
Amprino and Pansa 
of 
ocular pressure in the shaping of the scleral 


morphogen SiS of the eve If 


Amprino (1940) and 


(1955) have evaluated the role intra 


cartilages in the deve loping eye of the chick. 
Coulombre (1956, 1957) has reported on the 
role of intraocular pressure in the growth of 
the e) the .cornea in 


as a W he le 
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Dr. Woods’ suggestion that antigen be labeled 
and injected into the eye is a very good one. How- 
ever, that presents almost techni- 
cal difficulties the difficult to 
obtain in a truly pure form. There always is some 
protein the mouse host 
originally 


insurmountable 
because antigen is 
from which the or- 
obtained; at the moment 
that is the principal difficulty with his suggestion 


from 


ganisms are 


I might comment that the eyes can be shown 


have some radioactive material in 


photographic 


them by 


exposing sections to emulsion on 
This happened in eyes which were 
tubercle bacilli Toxoplasma. 
could show differential uptake 
between the Toxoplasma eye and the tubercle bacil 


lus-injected eve 


plates 


glass 


injected with and 


However, we no 


IN THE 
CILIARY 


DEVELOPMENT 


BODY* 


AND JANE L. CouLomprre, B.S. 


C onnecticut 


particular The regular geometry of the eye 
and its parts makes it most suitable for a 
detailed quantitative analysis of the role of 


mechanical factors in morphogenesis. 


In the present report a descriptive study 


has been coupled with the experimental ap- 
proach in an attempt to discover some of the 
factors which mold the developing ciliary 
body. 


MATERIALS AND METHODS 


The chick embryos used were from eggs 
of a Cornish-Rock cross, which were incu- 
bated at 37.5°C. in a forced draft incubator. 
All ages are given as days following the on- 
set of incubation. 

A quantitative description of the develop- 
ment of the ciliary body and its surrounding 
tissues was made with normal specimens, All 
of the observations and measurements men- 
tioned below were made on a minimum of 
10 eyes at each day between the sixth and the 
25th. Linear 


measurements done 


dissections of freshly enucleated eyes, with 


were on 
a calibrated filar ocular micrometer fitted on 
a stereomicroscope. In this manner the di- 
ameters or widths of the lens, ciliary body, 


. 
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and iris were obtained. Counts of the ciliary 
processes included secondary as well as pri- 
mary processes. To measure the area of the 
ciliary body photographs of the internal as- 
pect of the anterior segment of freshly dis- 
sected eyes were taken at known magnifica- 
tion. The negatives so obtained were en- 
larged 10 diameters with a photographic 
enlarger and traced on paper. On such trac- 
ings planimetric measurements were made of 
the area occupied by the image of the ciliary 
zone. The results were corrected for total 
magnification to yield the true area of the 
ciliary zone. In both the micrometer measure- 
ments and the photographic procedure care 
was exercised to minimize parallax. 

The role of intraocular pressure in the 
morphogenesis of the ciliary zone was 
demonstrated experimentally. A previously 
described microsurgical procedure (Coulom- 
1956) 
pressure at four days, the time at which the 


bre, was used to reduce intraocular 
ciliary zone first appears. Briefly, one end of 
a short length of microcapillary glass tubing 
was introduced through punctures made in 
the eye walls of the right eyes of four-day 


embryos. These tubes remained in place for 


the duration of the experiment to allow con- 
tinuous egress for vitreous humor. The ex- 
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Fig. 1 (Coulombre and Coulombre). The area 
of the ciliary body as a function of age. Each point 
represents the measurements made on 
10 specimens. 


mean of 
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perimental animals were killed for study at 
either seven, 10 or 17 days. On each of these 
days the animals were divided into two 
groups. The eyes of the first group were 
measured in the manner described above for 
normal eyes, From the second group both 
the experimental right eyes and control left 
eyes were fixed in Zenker’s-acetic solution, 
embedded in paraffin, serially sectioned at 
5.0 w in either the axial or equatorial plane, 
and stained with hematoxylin and eosin. 

In a separate group of five embryos the 
right eyes were intubated on the fourth day, 
but the tubes were removed 24 hours later. 
At nine days the eyes were dissected in the 
fresh condition and measured as above. No 


specimens of this group were sectioned. 


RESULTS 
DESCRIPTIVE STUDY 
On the fourth day the edge of the undif 
ferentiated optic cup is in intimate contact 
with the lens equator. Grossly there is no 
hint of a ciliary zone, and the iris has not 
yet appeared. On the fifth day the inward 
migration of melanin granules in the outer 
layer of cells of the future ciliary zone make 
this region visible grossly as a darker ring 
between the retinal region of the optic cup 
and the lens equator (Coulombre, 1955). 
The prospective ciliary zone is firmly at 
tached to the lens equator at all points, and 
the foldlike ciliary processes are not yet in 
evidence. From the time of its appearance 
until the eighth day this zone undergoes a 
steady increase in diameter and area (fig. 1) 
but remains symmetric about the lens axis 
(fig. 2). 
On the eighth day marked changes are ini 
tiated 
The first of these is the differentiation of 


in the anterior segment of the eye. 


scleral cartilage just outside the corneal 
limbus in the region overlying the now closed 
choroid fissure (fig. 3). From this point the 
cartilagenous differentiation spreads around 
the corneal margin in both directions until, 
by the ninth day, a ring of scleral cartilages 
has been formed. Simultaneously with the 
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appearance of the scleral cartilages the eye, 
hitherto spherical, bulges with greater curva- 
ture anteriorly to the differentiating cartilage 
and, on the eighth day, the corneal bulge 
becomes distinct for the first time (fig. 3). 
As these first of the 
radially arranged ciliary folds appear. These 


events occur, the 
folds develop first in the anterior-inferior 
rim of the optic cup just below the closed 
choroid fissure, in the same area in which 
the sclera is forming cartilage (fig. 3). As the 
eighth day progresses more folds appear one 
at a time in an orderly progression around 
the circumference of the cup. By the time 
that the folds inferior to the choroid fissure 
have progressed one quarter of the way 
around the cup margin, additional folds ap- 
pear superiorly to the choroid fissure and 
progress in the opposite direction. 

The 


number and in 


processes continue to increase in 
length until, by the end of the 
eighth day, the entire ciliary body becomes 
plicated with about 70 radially oriented 
folds. On the ninth and 10th days about 20 
additional secondary folds appear between 
some of the primary folds, bringing the 
total number to an average of 90 (fig. 5). 
The number of folds does not increase there 
after, but their depth continues to increase as 
the eye grows. The tips of the processes 
thus formed adhere to the lens capsule. In 


terstices appear between the tips and put the 
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(NOUBATION AGE (OATS) 
Fig. 2 (Coulombre and Coulombre). The width 
of the ciliary zone anteriorly and posteriorly as a 
function of age. Each point represents the mean of 


measurements made on 10 specimens 
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LENS 
CP GCILIARY PROCESSES 


Fig. 3 (Coulombre and Coulombre). Diagram- 
matic posterior and axial views of the 
anterior segment of the developing chick eye at 


section 
different ages. 


vitreous chamber into communication with 
the future aqueous compartments in front of 
the lens ( fig. 4a). 

Concomitantly with the first appearance of 
the corneal curvature and the formation of 
the first ciliary processes, the expansion of 


the ciliary becomes asymmetric. 


Hitherto of equal width at all points, it now 


zone 


expands relatively more slowly in the an- 
terior ventral quadrant where the scleral 
cartilages have begun to differentiate. As a 
consequence the geometric center of the 
ciliary zone no longer coincides with the 
corneal-lens axis, but becomes shifted poste- 
rodorsally as time elapses (figs. 3, 6, 7, and 
8). In keeping with this development of 
asymmetry the ciliary processes are narrow- 
est at the slowly expanding anteroventral 
position of the cup rim, and widest postero- 
dorsally, a condition which persists through- 
out life. The increase in asymmetry of the 
ciliary zone is reflected in daily measurement 
made at the points of its least and greatest 
width (fig. 2). The ring of scleral cartilages 
which develops over the ciliary zone is co- 
extensive with it and shares its asymmetric 
growth. 

The iris first appears on the ninth or 10th 
day as a circular shelf arising from the free 
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Fig. 4 (Coulombre and Coulombre). (a) Equatorial section through the lens of a normal 10-day-old eye 


(b) Equatorial section through the lens of a 10-day-old eye which had been intubated at four days 


edge of the ciliary zone. It increases rapidly 


in width until the 17th day, after which it is 
constant in width until at least the 25th day 
(fig. 5). 

EXPERIMENTAL STUDY 


Those eyes which were intubated on the 


fourth day, and in which the tubes remained 


until termination of the experiment, were 


Fig. 5 (Coulombre and Coulombre). The number 
of ciliary processes and the width of the iris as 
functions of age. Each point represents the mean 


of measurements made on 10 specimens. 


examined at different ages either by dis 
section or in histologic sections. They de 
velop no normal ciliary folds. Instead, the 
ciliary zone thickens progressively and be 
comes thrown into relatively large and dis- 
oriented folds that are continuous with gross 
folds in the neural retina (fig. 4). Even in 
the oldest eyes examined the optic cup re 
mains smoothly adherent to the lens over 
long distances. In addition, asymmetry de 
velops neither in the ciliary zone nor in the 
ring of pericorneal scleral cartilages. In the 
intubated eyes the attachment of the rim of 
the optic cup to the lens becomes displaced 
progressively more anteriorly to the lens 
equator as time elapses (fig. 9) 

These effects derive from the drainage 
afforded by the indwelling tube, and not 
from operative trauma or other nonspecific 
factors. This was demonstrated in previous 
series of 


1956, 


studies in a control operations 


( Coulombre, 1957), in which small 
solid glass rods were introduced through the 
eye wall instead of tubes. These glass rods 
duplicated all aspects of the intubation opera 


tion, with the exception that vitreous humor 
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eve ) Note the incomplete 
ll-day-old cili 


v-old ciliary 


view of an right eye) 


of 18-da ht eye) 


could not escapt Such control eves develop 
normally in all respects 
intubated cases the drainage tube 


In five 


was removed from the eve 24 hours after it 
had been introduced. In 
heals, 


size ata 


1956) 


these specimens the 


wall and eve its in 


ast slower than normal 


in 


(Coulombre, These eves were dis 


sected at nine days of incubation. They were 


smaller in al] dimensions th the contrala 


teral control eyes but nor 


mally proportioned. Th showed a smaller 


number of ciliary folds and 


processes than 
normal 
DISCUSSION 
Phe 
following sequence of events occurs during 


of 


data reported above suggest that the 


the development of the anterior 


the 


segment 


chick eve. Following the invagination of 


imordium, vitreous 


the optic cup and lens pt 


tween the lens and the 


As 


humor accumulates be 


presumptive retina development pro 


ciliary processes 
Photographed by transmitted light 
Photographed by transmitted light 
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(6) Posterior view of a seven-day-old ciliary zone (right 


(7) Posterior 
Posterior view 


Photographed by transmitted light 
(3) 


ceeds, expansion of the vitreous body places 
the eye wall under tension and the eye in- 
creases in size. The increase in area of the 
eye wall depends, among other factors, on 
the imbalance between tangential forces aris- 
ing from intraocular pressure and the resist- 
ance offered to these forces by the eye wall 
(Coulombre, 1956). Between the fourth and 
the eighth day the resistance of the eye wall 
to expansion must change about equally at 
all points on its surface, since the eye en- 
larges essentially as a sphere. 

On the eighth day, however, changes occur 
locally in the sclera which render it inhomo- 
geneous and make inevitable a progressive 
change in the shape of the eye as develop- 
ment proceeds. The most notable change is 
the appearance for the first time of carti 
lagenous plates in the sclera (Weiss and 
Amprino, 1940). Cartilage begins to differ- 
entiate just outside the corneal limbus, over- 
lying the closed choroid fissure. 
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Fig. 9 (Coulombre and Coulombre) 


From an axial section of a seven-day-old eye which had been intubated since the fourth day 


anterior location of the ciliary body-lens junction. 


As a consequence this region expands less 
rapidly than the remainder of the eye surface 
from the eighth day onward. The cartilag- 
enous tissue spreads around the circum 
ference of the cornea as time goes on, form- 
ing a complete ring of pericorneal scleral 
cartilages by the ninth day. 

This ring does not expand as rapidly as 
the remainder of the eye surface; and from 
the eighth day the eye de velops, under the in 
fluence of intraocular pressure, not as a 
sphere but as two spherical zones (the cor 
neal and the scleral zones) which have a 
common base bounded by the cartilagenous 
ring. The radii of curvature of these zones 


are at first equal but diverge progressively as 


development proceeds. As it forms, the carti 


lagenous ring becomes relatively broader in 
the upper posterior quadrant (where expan- 


sion of the eye wall is most rapid), than 
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(a) From an axial section of a normal seven-day-old eye. (b) 


Note the 


over the region of the choroid fissure where 
it first began to form. Thus the ring becomes 


time goes on 


increasingly asymmetric as 
(fig. 3). 

rhe ciliary zone, which underlies the ring 
of scleral cartilages, reflects the increasing 
asymmetry of the latter. The ciliary zone 
first becomes evident grossly on about the 
fourth or fifth day as a darker ring at the 
edge of the optic cup, attached anteriorly by 
its smooth free edge to the lens equator, and 
continuous posteriorly with the retinal por 
this time until the 


tion of the From 


eighth day it is radially symmetrical around 


cup. 


the lens axis. Beginning on the eighth day, 


however, it expands much more rapidly 
toward the upper posterior quadrant than it 
does toward the lower anterior quadrant 
differentiating in the 


where cartilage is 


sclera. 
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When intraocular pressure is reduced or 
eliminated by intubation, both the ring of 
scleral cartilages and the ciliary zone remain 
symmetric about the lens axis. This suggests 
that the asymmetric expansion results from 
tangential forces generated equally at all 
points on the eye surface by the expanding 
vitreous, but counteracted to different de- 
grees at different places by structural ele- 
Rochon-Duvigneaud 


ments in the eye wall 


(1943) calls attention to similar, but much 
less marked, asymmetries in the adult human 
ciliary zone, which may arise in a similar 
manner. 

It has already been noted that the proces 
ses of the ciliary body also show a striking 
time 


correlation in the and place of their 


appearance, as well as their pattern of 
spreading, with the time and place of appear- 
ance and the pattern of spreading of the 
cartilagenous elements in the sclera. It is 
improbable that these correlations are for- 
tuitous. 

It seems probable that mechanical forces, 
acting in the changing geometric framework 
of the anterior segment of the eye, are cardi- 
nal factors in the folding of the ciliary zone. 
This view finds some support in the present 
data. 

When the mechanical forces generated by 
an expanding vitreous are eliminated or re 
duced by intubation, the ciliary processes 
fail to develop normally, and are represented 
by only a few thick and disoriented folds. 
Thus, while the folds may result when the 
choroid zone expands in area more rapidly 
than the overlying sclera, it appears that they 
owe their regularity and radial orientation to 
forces generated by intraocular pressure. 

In addition to this, it is possible to influ 
ence the number of ciliary processes W hich 
develop by controlling the geometry of the 
anterior eye segment at the time they appear. 
Thus when eyes are intubated at four days 
and the tubes are removed 24 hours later 
the eyes expand less rapidly than normal and 
the ciliary zone, while normal in appearance, 
develops fewer ciliary folds. 
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The facts that the ciliary zone is thicker 
than normal in such eyes and smaller in 
total area suggest that the number of folds 
which develop may be a function of the 
dimensions of the zone and of its elastic pro- 
perties at the time folding is initiated. 

On the basis of these observations it is 
suggested that the ciliary folds result when 
and where there is a toughening of the 
pericorneal sclera which restricts scleral ex- 
pansion locally. If the subjacent ciliary zone 
then continues to expand (as it appears to) 
it would inevitably become folded or thick- 
ened, or both, because of the restriction of 
its freedom to spread. Since the ciliary zone 
is normally under radial tension as a result 
of intraocular pressure, and since the re- 
sistance developing in the sclera is predomi- 
nantly circumferential, folds would naturally 
dispose themselves radially. This hypothesis 
makes understandable the remarkable tem- 
poral and spatial correlations between the 
spread of cartilagenous differentiation and 
the progressive addition of ciliary folds. 

The first appearance of the iris after the 
development of the ciliary processes and the 
apparent establishment of channels of com- 
munication between the vitreous and aque- 
suggestive. Before the 


ous chambers is 


eighth day the edge of the optic cup has been 


firmly attached to the lens equator at all 


points and, as a result of intraocular pres- 
sure, the ciliary body is under radial ten- 
sion. It is possible that this condition effec- 
tively prevents the outgrowth of the iris 
shelf anteriorly. On the eighth day the ciliary 
interstices first appear, mucoid material is 
first observed in the aqueous chamber, and 
the ciliary zone becomes more flattened. This 
suggests that, with the establishment of con- 
between the two 


nections compartments, 


vitreous humor escapes into the aqueous 
chambers, thus equalizing pressure on either 
side of the ciliary membrane and its sub- 
tended lens. This might relieve tension on 
the edge of the optic cup and permit the 
outgrowth of the iris shelf. 


Throughout this study the schedule of 
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cellular differentiation was neither retarded 
nor accelerated by the operative procedures 
used. Thus the mechanical factors with which 
this study deals can be assumed to influence 
morphogenesis on the supracellular level 
without altering patterns of cellular differ 
entiation. The emphasis placed on mechanical 
factors must not be allowed to obscure other 
categories of factors ( genetic, biochemical, 
mitotic, and so forth), which, at different 
levels, contribute to the molding of the eye. 


SUMMARY 


During early development the ciliary body 


expands symmetrically around the lens. 


When cartilage and collagen begin to differ- 
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entiate in the sclera at the corneal limbus 


the ciliary body begins to expand asym 
metrically, and radially arranged ciliary folds 
appear rapidly. Observations and experi 
ments suggest that: 

a. The ciliary folds appear where and 
when the ciliary zone expands in area more 
rapidly than the overlying sclera 

b. These 


tion to 


folds owe their radial orienta 


forces generated by intraocular 


pressure. 
c. The number of folds developed may be 
other factors, of th 


a function, among 


dimensions of the ciliary body at the time 


the folds appear. 
333 Cedar Street (11) 
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differences 
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eye 

A second thought 
serves a serious reading) 


(and I think this paper de- 
is that these differences 
which are so obvious are indeed fortunate. I think 
Dr. Coulombre has been fortunate in selecting the 
chick for his study. The differences, for example, 
the heavy cartilage ring in the chick eye and the 


ciliary body are, I 


marked asymmetry of the 


believe, responsible for the success the authors 


have had in demonstrating the le of intraocular 


pressure (in this case vitreal pressure, as opposed 
to the usual concept of intraocular pressure of the 
adult) in forming the eye 

The mammalian eye has a dense condensation of 
firmer cartilage 
limbal area 
not so asymmetrically as in the Had 
periment been attempted using the mammalian eye 
(if such had been possible) I think it is very likely 


that Coulombre’s might 


instead of the 
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selection of 
this particular experimental aided in the 
demonstration of the role of intraocular pressure m 


not have been so clearly shown. The 


animal 


the formation of the eye 
Two should be 
has been emphasized this mornin the 
one. The eye is apparent] balloon which 
has to be inflated to take it per form. This 
a second factor, 


first 
mechanical 


factors pointed out. The 


would not produce ciliary fold 
everywhere. In certain 


zones of proliferation 


growth, was equal areas 
of the retinal cup there are 
result of which the tissue (in this case the 
redundant. So 
inflate 
properly, it hangs in the irregular folds that you 
illustrated. We have to consider, then, 


that the centers of growth plus this inflation of the 


as a 


ciliary epithelial region) becomes 


in the absence of pressure t the eve 


have seen 


globe by the intraocular pr together mold its 
trorm 

I would like to mention 
Coulombres that is probal 
this group, since it was published in the Journal of 
Experimental Zoology, 1956. The au 
thors did the experiment of 
showed that if 


paper by the 


widely known to 


carefully 
intubation as described today 


the eye is intubated and intraocular pressure not 


allowed t develo 4 I oes | get a normally 


formed retina itself forms in loose 


folds and in rosettes, thus reminding one of the 


gist in micropl 


retinal structure seen by tl yvatholo 
folds in 


thalmus. Retinal rosett microph 


thalmus may be the result of the failure of normal 
to cle velop 


1943) 
Ludwig 


embryonic intraocular 
In the Archives (30 :338-351, 


years ago there was ar rticle by 


pre SS 
a number of 
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man, who had im his possessior 
ied the develop 


could 


ophthalmic rats in which he 


ment of the abnormal eyes nearly as he 


determine, the primary fai as in the develop 


ment of the blood vessels vitreous humor. It 
that 


was the basis of the shapu und 


appears now what really describing 


distention of the 


globe, which has been ably shown today; that is, 


the growth of the vitreous humor. Browman was 
impressed by the ood 


mainly vessels supplying 


the vitreous humor 
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I think this morning we have had an example 
of a simple, direct type of experiment, which has 
yielded much information on the “how” of a bio- 
logic process. I wish to thank the authors for their 
very interesting paper, for the opportunity to dis- 
cuss it, and to express the that the two 
Coulombres will be here again with more of their 


hope 


work, 


I would like to ask 


intraocular 


Dr. Per-Fe: Lee ( Boston) 
what influence high 


the development of the ciliary process, simply by 


pressure has on 


raising the intraocular pressure to a certain point 
through the drainage tube. Dolcet (1952) stated: 
at birth, in human beings the intraocular pressure 
than the adult value, being 
Hg, the pressure falling at a 
Hg per day to reach what 
this author considers a normal adult value of 
26 to 29 mm. Hg in about four to six weeks 
Therefore, if this is true, it would be interesting 
what is the influence of high intraocular 


is very much higher 
some 41 to 56 mm 


rate of about 1.0 mm 


to know 
pressure on the development of the ciliary process 
of the chick eye? 

Dr. ALFreD J. CouLomBre (closing): The eyes 
which we operated on at 


Since the eye 


four days had a 
diameter of one mm wall at this 
time is extremely soft direct measurement of pres- 
sure is not feasible and the purported reduction in 
We have 


presumably 


about 


intraocular pressure is an assumed one 
that fluid, 
from the eye in the 


however, 
vitreous, make 
intubation operation 

When we 
thereby duplicating all of the trauma and all of 
the nonspecific factors, but preventing the escape 


demonstrated, 
does 


egress 


use solid glass rods instead of tubes, 


of vitreous, we get a perfectly normal development 
of the eye in all respects 

As for direct measurements of the 
pressure, it has date for us 
to measure intraocular pressure at very early ages; 
have attempt in the later 
stages of prehatching development, which would 
be comparable to the postnatal development in many 
Until 


we have no answer to the question 


intraocular 


been impossible to 


indeed, we made no 


mammals such measurements can be made, 


THE EFFECTS OF MATERNAL HYPOXIA ON INHERITANCE 
OF RECESSIVE BLINDNESS IN MICE* 


AELETA NicHots Barsper, PH.D. 


New Orleans, Louisiana 


The production of congenital abnormali- 
ties in the young of many species of animals 
has been accomplished by treating pregnant 
females with such agents as irradiations, 
nutritional deficiencies in pantothenic acid, 
riboflavin and folic acid, deficiency and ex- 
cess of vitamin A, cortisone, insulin, nitro- 
gen mustard, reduced atmospheric pressures, 
and injections of trypan blue dye.*-* These 
investigations have furnished valuable in- 
formation as to the teratogenic action of the 
various agents in regard to disturbance of 
the normal metabolic processes. The mode of 
action of the teratogenic agent is not the 
primary interest in this study but rather to 
test the effects of the agent on the inheritance 


of a known genetic defect. 


MATERIALS AND METHODS 

The mice used in these experiments have 
been maintained as two inbred colonies in 
this laboratory for the past five years. 

1. A colony of congenitally anophthalmic 
mice having two recessive factors for eye- 
lessness, genotype CCaabbddpp ey-1 ey-l, 
ey-2 ey-2 (fig. 1). They are bilaterally anoph- 
thalmic and in only one instance has a small, 
nonfunctional eye been observed in the 
colony. 

2. A colony of 


known congenital defects (fig. 


inbred mice having no 
2). These 
mice have approximately the same genotype 
as the blind mice except for the presence of 
dominant factors for eyes, CCaabbddpp Ey-1 
Ey-1, Ey-2 Ey-2. The mice in both colonies 
are sturdy and prolific, their litters averaging 


seven or eight young. 


* From the Department of Pathology, Louisiana 
State University School of Medicine, and the 
Charity Hospital of Louisiana. This investigation 
was supported by research grant B 876(C) from 
the National Institute of Neurological Diseases and 
Blindness of the National Institutes of Health, 
United States Public Health Service. 


Reciprocal matings were made between the 
two strains of mice in order to establish the 
fact that the factors for eyes are dominant 
regardless of whether the recessive trait for 
anophthalmia is carried by the father or 
mother. Then 0.25-cc. subcutaneous injec- 
tions of trypan blue were given to the fe- 
males of reciprocal crosses once daily on the 
seventh, eighth, and ninth day of gestation. 
Inbred and cross-bred females were also 
given 0.25-cc. injections of sterile distilled 
water on the same days of gestation; 1.0- 
percent, 0.5-percent, and 0.3-percent aque 
ous solutions of trypan blue dye were used. 
determined by vaginal 


Pregnancy was 


smears. 
RESULTS 


All the females given injections of 1.0- 


percent trypan blue lost considerable weight 


within a few days after receiving the third 
injection and were autopsied. In every case 
they had either aborted or were in the proc- 
ess of absorbing their embryos. The females 
that were given injections of sterile water 
produced young with normal eyes. 

The results following injections of 0.5- 


Fig. 1 (Barber). Mice whose only known con- 
genital abnormality consists of bilateral anophthal 


mia 


+ 
; 
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Mice having no known congenital 
ross-breeding. 


Fig. 2 (Barber) 
anomalies used for 


percent trypan blue are shown in Table 1. 
The mice in this experiment were killed and 


autopsied on the expected date of delivery 


in order to prevent destruction of the young. 
Five of the 12 females showed evidence of 
abortion and four showed signs of absorp- 
tion (fig. 3). Among the 34 feti recovered 
there were 13 showing craniorachischisis 
(fig. 4), three had apparently normal heads 
but were unilaterally anophthalmic, and one 
normal fetus. 

The results obtained from injections of 
0.3-percent trypan blue are shown in Table 
2. These mice were also autopsied with the 
N-61, that 


delivered unexpectedly. The fetuses were 


exception of two, Z-168 and 


generally smaller in size and fewer in num- 
ber than usual and there was a high per- 
centage of absorptions (figs. 3 and 5). Out 
of 17 pregnancies 43 intact fetuses were re- 
covered. The incidence of craniorachischisis 


TABLE 1 


0.25-cc 


INJECTIONS OF 0.5-PERCENT TRYPAN BLUE GIVEN ON THE 7TH, 8TH 


AND 9TH DAY OF GESTATION 


Mouse 


S-46 


* Not considered because of degeneration. 
N—Mouse having normal eyes 
B—Mouse having bilateral anophthalmia. 


Litter Results 


3 2 craniorachischisis 
1 


right eye missing 
7 craniorachischisis 
Partly absorbed 
Partly absorbed 
Aborted 
Aborted 
Aborted 
Partly absorbed 
1 right eye missing 
1 left eye missing 
1 craniorachischisis 
2 partly absorbed 


Aborted 


1 normal eyes 
3 craniorachischisis 


Aborted 
13 craniorachischisis 


3 unilateral anophth. 
1 normal eyes 


| 
Cross 
S-47 NOXB¢ 7 
S-42 6* 
S-45 NOXB¢ 6* 
S-53 
S-54 NOXBe¢ 
S-51 
S-52 3° 
Z-161 BOXNd 3—2* 
Z-162 BOXNo 
12 17-17* 
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rABLE 2 


0.25-cc. INJECTIONS OF 0.3-PERCENT TRYPAN BLUE GIVEN ON THE 7TH, 8TH 
AND 9TH DAY OF GESTATION 


Mouse 
Z-168 


Z-169 


* Not considered because of degeneration. 
N—Mouse having normal eyes. 
B—Mouse having bilateral anophthalmia. 


was reduced to three cases. There were 25 
fetuses with normally developed eyes and 15 
with unilateral anophthalmia, eight with the 
right eye and seven with the left eye missing. 

The unilaterally anophthalmic female pro- 


duced by N-61 (table 2, fig. 6) survived and 


Litter Results 


5 (del)* Destroyed 


6 4 normal eyes 
1 craniorachischisis 
1 right eye missing 


Partly absorbed 


2 normal eyes 


2 right eye missing 


2 left eye missing 
Partly absorbed 


1 normal eyes 
1 right eye missing 
1 left eye missing 


del) 2 normal eyes 
1 right eye missing 
7 destroyed 


2 normal eyes 
1 right eye missing 


Partly absorbed 
Partly absorbed 


1 eyes (cataracts 


2 craniorachischisis 


Partly absorbed 


1 right eye missing 
2 left eye missing 
4 normal eyes 


5 normal eyes 
4 normal eyes 


1 right eye missing 
2 left eye missing 


Partly absorbed 


43-39* 25 normal eyes 


15 unilateral anophth 
3 craniorachischisis 


was back-bred twice to the normal line. She 
produced two litters, a total of 13 young, 
having normal eyes. She was then back-bred 
to the anophthalmic strain and produced one 
litter, nine young, of which two are bilater 
ally anophthalmic, four are unilaterally an- 
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Cross 
Z-170 7* 
Z-176 6 
Z-181 BOXNd 
N-61 10 
(3-7* 
R-18 
N-45 3 
N-46 6* 
P-46 
P-48 
17 
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TABLE 2-A: CONTROLS 


0.25 CC. INJECTIONS OF 0.3-PERCENT TRYPAN BLUE GIVEN ON THE 7TH, 8TH 
AND 9TH DAY OF GESTATION 


Mouse Mating 


* Degenerated 
N— Mouse having normal eyes 


ophthalmic, and three have normal eyes. 
These mice are being inbred and the incidence 


of unilateral anophthalmia will be studied. 


DISCUSSION 


Trypan blue is the first teratogenic agent 
to be tested in this study Che toxic effects of 
this dye have been reported by Gillman et 
action, according 


al.*-** in rats. The mode of 


to these authors, is that the erythrophago 
cytosis occurring soon after the injection 1s 
given may lead to an acute anemia accom- 
panied by a decreased oxygen supply to the 
that 


particles is barred 


maternal tissues. Hamburgh™ found 


penetration of the dye 


from passing through the placenta as well 


as through the yolk sac. Microscopic studies 


Results 


Litter 


4 normal eyes 
3 normal eyes 
4 normal eyes 
Partly absorbed 
Partly absorbed 


11 normal eyes 


of our animals revealed the dye particles to 
be concentrated in the placenta and in the 
epithelium of the chorion but no gross or 
microscopic evidence of the dye was found 
in any of the embryos. We assume, there- 
fore, that some degree of maternal hypoxia 
results from accumulation of the dye in the 
maternal tissues ; but it is possible that some 
element of the dye, as yet unknown, may 
pass through the barriers and act directly 
upon the embryo. 

We regard the production of craniora- 
chischisis which results from extensive dam- 
age to the skull and brain of the embryo as 
simply a consequence of excessive dosage. 
Any abnormality of the eye present with this 
condition could be secondary to the initial 


Fig. 3 (Barber). Uteri showing fetuses in various stages of absorption. 
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R-25 5* 
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Fig. 4 (Barber). Two fetuses showing 
cramorachischisis. 


effect to the neural folds. The strength of 
the trypan blue was reduced in our third ex- 
periment and was followed by a decrease in 
the incidence of craniorachischisis (table 2) 
(figs. 7 and 8) 

The embryology of the anophthalmic mice 
used in these experiments was described by 
an inhibition of the 
growth of the optic vesicles at 10 days or 


Chase and Chase" as 


earlier. This retardation prevents the optic 


vesicles from forming a cup, or, if the cup 
forms, it is small and irregular and too far 
Micro- 


scopic examination may reveal a few frag 


from the surface to induce a lens. 


ments of retinal tissue but a functional eye 
never dev elops. 

Chase™* type of bilateral 
anophthalmia to the presence of two major 


ey-2. 


ascribed this 


recessive genetic factors, ey-1 and 


Fig. 6 (Barber). Young female mice produced by 
N-61 (table 2) after treatment with 0.3-percent try- 
pan blue. The animal on the left was backbred twice 
to the normal strain and produced only normal 
young. When back-bred to the anophthalmic strain, 
she produced young with normal eyes and bilaterally 
and unilaterally anophthalmic young 


Normal eyes occur in the presence of either 
Ey-1 or Ey-2. A reciprocal cross between the 
anophthalmic strain and a normal strain of 


mice would, therefore, produce a hetero 


zygote having the alleles Ey-1 ey-1, Ey-2 
ey-2, and possess normal eyes. This is the 
genetic condition of our untreated F, genera 
tion. 

The F, generation produced from recipro 
cal crosses between the anophthalmic and 
normal mice always have normal eyes and 
16 to 18 generations of brother-sister mat- 
ings of their progeny are required to return 
about 90-percent anophthalmia to the strain. 
The results of our experiments (table 2) 
that 
zygous F, 


show about one-third of the hetero- 


generation were unilaterally 


anophthalmic when their mothers received 
injections of a 0.3-percent solution of trypan 


Fig. 5 (Barber). Young frem 
Z-169, an anophthalmic female 
cross-bred with a male having nor 
mal eyes and given 0.25-cc. injec- 
tions of trypan blue once daily on 
the seventh, eighth, and ninth day 
of gestation. There are four with 
normal eyes, one with cranio- 
rachischisis, one with right eye 
missing, and one partly absorbed. 
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Fig. 7 (Barber). (A) Section through the head of a fetal mouse showing a bulge of the cranium and 
brain. (B) Section through the head of fetal mouse showing marked degeneration of the ectatic portion 
of the brain. The abnormality of the brain and skull has not prevented the formation of the eyes. 


Fig. 8 (Barber). (A) Section through the head of a fetal mouse showing normal development of the 
eyes. (B) Section through the head of a litter mate showing the absence of one eye. Small fragments of 
pigmented epithelium are present in the orbit. 
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blue. Thus a congenital defect, similar to the 
condition carried as a recessive trait by one 
parent, was expressed in the first generation 
when the mothers were treated with a terato- 
genic agent. 

It is difficult to explain the absence of a 
single eye when the genetic defect consists 
in the absence of both However, 
Chase,** who has studied this strain of mice 
very closely, feels that duplicate factors 


eyes. 


control the eyeless condition. It is possible 
that part of the control may also govern the 
uterine environment and the metabolic proc- 
esses going on during the formation of the 
eye. Thus injections of trypan blue in the 
environ- 


pregnant female create an 


mental situation similar to that produced by 


may 


the eyeless gene, or it may act as a stimulus 
to the metabolic 


processes. 


same disturbance of the 

An increase in the incidence of abnormali- 
ties inherent in certain strains of animals 
after the use of teratogenic agents during 
pregnancy has been shown by other inves- 
tigators. Fraser et al."* found a marked in- 
crease in the incidence of cleft palate in 
mice following injections of cortisone ; and 
O’Dell*®® increased the incidence of hydro- 
cephalus in rats by the use of nutritional 
deficiences. 

Eye defects, including anophthalmia, have 
been described following the use of other 
teratogenic agents as well as trypan blue’*® 
in apparently normal strains of animals. 
These defects are similar to congenital ab- 
normalities occurring in untreated animals 
and constitute phenocopies.**** Whether the 
unilateral anophthalmia that developed in our 
mice is a phenocopy or whether it is due to 
the creation of an environment comparable 
to that controlled by a genetic factor is im- 
possible to determine at this time. However, 
if it could be shown that an abnormal uterine 


environment, created by drugs, nutritional 
deficiences, hormones, or disease processes,"* 


does affect the expression of a recessive 


genetic trait, it might help to explain some 


instances of obscure or discontinuous in- 


heritance in the human population. 


SUMMARY 

Mice having recessive genetic factors for 
bilateral anophthalmia were mated with mice 
having dominant factors for eyes. The preg- 
nant females were given 0.25 cc. subcutane 
ous injections of trypan blue on the seventh, 
eighth, and ninth day of gestation; 1.0-per 
cent, 0.5-percent, and 0.3-percent solutions 
of trypan blue dye were used. One-percent 
trypan blue resulted in abortion or absorp- 
tion in all the females tested. The incidence 
of abortion and absorption was less follow- 
ing injections of 0.5-percent trypan blue but 
there were many instances of brain and skull 
deformities. A few mice were apparently nor- 
mal except for the absence of one eye. The 
effects of 0.3-percent trypan blue were less 
severe and permitted many feti to develop, 
about one half of these had normal eyes and 
slightly less had unilateral anophthalmia. 
One unilaterally anophthalmic female pup 
survived. When she was back-bred to the 
normal line, she produced young with normal 
eyes; but when back-bred to the anoph- 
thalmic line, she produced unilaterally and 
bilaterally anophthalmic young. 

The suggestion is offered that a terato- 
genic agent may create an environmental 
stimulus or metabolic disturbance in the 
uterus comparable to that controlled by a 
genetic complex and result in the expression 
of a recessive congenital trait that would 
otherwise be suppressed. 


Louisiana State University, 


Medical School. 
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DISCUSSION 


Dr. Harotp F. Fatzts (Ann Arbor, Michigan) : 
Dr. Barber is to be highly commended for this well- 
controlled and well-presented study. She has se- 
lected, in trypan blue, an excellent teratogenic 
agent which it appears, to quote the author, “creates 
an environmenta! stimulus or metabolic disturbance 
in the intrauterine environment comparable to that 
controlled by a genetic complex and results in the 
expression of a congenital trait that would other- 
wise be suppressed.” This study is most timely and 
is indeed welcome to our discipline. This is par- 
ticularly so since T. H. Ingalls’ writings have re- 
cently popularized the concept that maternal stress 
(specifically anoxia) during pregnancy is a very 
particular cause of congenital anomalies, a fact 
which he feels tends to shift the emphasis away 
from a genetic cause for many such anomalies. 
Many workers do not agree with his deductions 

I wish to digress at this time to emphasize that, 
while it has been believed that a considerable 
amount of congenital developmental pathology is 
gene ascertained, there is much evidence that en- 
vironmental may modify a specific gene 
action, A particular gene action may be modified by 
at least three known factors: (1) the genotype in 
which it exists, (2) environmental agents, and (3) 
the genetic constitution and physiologic phenotype 
of the mother. To me, at least, it is important to 


tactors 


note that these various agents apparently are not all 
acting by the same mechanism. The vast majority 
of congenital developmental defects are the re- 
sultant of complicated interaction of genetic and 
environmental factors. 

Dr. Barber has guardedly assumed that unila- 
teral anophthalmos is an expression of the action 
of the teratogenic agent which may create an en- 
vironmental situation similar to that produced by 
the “eyeless gene” or “may act as a stimulus to the 
same disturbance of the metabolic process.” This 
assumption is dangerous, at least to me, in light of 
our present level of knowledge concerning the 
chemical processes occurring during organogenesis 

Fern and Wilson have both expressed the belief 
that trypan blue acts directly upon fetal tissue. Ham- 
burgh feels that this agent has a direct teratogenic 
effect on the nervous and circulatory system of the 
rat embryo. Failure of closure of the neural tube 
and eyelessness occur in his fetuses. 

Gilman and co-workers found frequent unilateral 
anophthalmos in their fetuses and particularly note- 
worthy was the frequency of diencephalon injury. 
Their eye defects ranged from mild unilateral or 
bilateral microphthalmos to total absence of the eye. 
The central nervous system was particularly dele- 
teriously influenced by the agent. 

In certain species it thus appears that unilateral 
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anophthalmos may result from the direct action of 
trypan blue regardless of the genetic make-up of 
the fetuses. It is impossible, therefore, to state, on 
the basis of the data presented, whether Dr. 
Barber’s fetuses exhibit unilateral anophthalmos as 
a phenocopy or actually exhibit the effect of an 
environment permitting expression of a hetero- 
zygous gene. I favor the former possibility (pheno- 
copy), particularly since her homozygous recessive 
stock did not exhibit “craniorachischisis” or uni- 
lateral anophthalmos. It might be profitable for Dr. 
Barber to terminate the pregnancies at successively 
early stages to ascertain what is occurring in the 


absorbed and partially absorbed fetuses. 

Dr. Barber has intimated hypoxia as being the 
effect of the trypan blue and in turn the cause of 
the unilateral anophthalmos. Since this (anoxia) is 
doubted by some workers, it might be profitable to 
repeat the present study and employ anoxia as the 
specific and only agent. 

I also urge, as the author has done, caution in 
applying such laboratory findings to explain human 
pathology. 

It has been a sincere pleasure to discuss this 
paper and I am additionally grateful to Dr. Barber 
for previously permitting me to review her paper 


DISTRIBUTION OF RADIOACTIVE SULFATE IN THE 
DEVELOPING EYE* 


Georce K. Smetser, P#.D., AND Victoria Ozanics, M.S. 
New York 


The development of the connective-tissue 
structures of the eye has been well described 


in man and some animals, but always with 
reference to their collagenous component. 
Although these form the most obvious por- 
tion, the cells and the ground substance are 
perhaps more important physiologically. 

Ground substance has been investigated 
histochemically and by means of radioautog- 
raphy in the adult eye, in which S* labeled 
mucopolysaccharides have been demon- 
strated. Metachromatic staining of the 
cornea has been reported in two well-devel- 
oped rabbit fetuses,’ and sulfate labeled with 
S** was observed by Bostrom and Odeblad* 
in the sclera of a three-week-old rabbit em- 
bryo. 

Excepting in a preliminary report,’ no 
study has been made of the ground substance 
at different stages of the developing eye. It 
is a necessary element in fibrillogenesis, and 
the cornea may owe its transparency in part 


*From the Departments of Ophthalmology and 
Anatomy, College of Physicians and Surgeons, Co- 
lumbia University. This investigation was supported 
by a research grant, B 492 (C-C2), from the Na- 
tional Institute of Neurological Diseases and Blind- 
ness of the National Institutes of Health, Public 
Health Service. We wish to express our thanks 
to Miss Caroline White for her technical assistance. 


to its high mucopolysaccharide content. The 
vitreous humor is in reality a type of con- 
nective tissue in which the fibrous and cellu- 
lar elements are reduced in quantity, and in 
which the mucopolysaccharide content is the 
predominant feature. It is of extreme im- 
portance in the embryo because through it 
the vascular supply reaches the internal 
structures, and the growth of the eye as a 
whole depends on distention of the retina 
and sclera by the tissue in the optic cup, that 
is, vitreous (Coulombre*). The 
ground substance of the ocular connective 


humor 


tissue is of obvious importance in both em- 
bryo and adult and its development was, 
therefore, studied. 


METHODS 


New Zealand white rabbits, about six 
pounds in weight, were bred to obtain em- 
bryos of known age. Stages from the 14th 
day of gestation through term, and the post- 
natal period from the first to the 20th day, 
were studied. The pregnant rabbits were 
anesthetized with Nembutal and the embryos 
removed and placed in appropriate fixatives 
immediately. 

Synthesis of the sulfated mucopolysac- 
charides can conveniently be demonstrated 
by the use of S** sulfate, which in connective 
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tissues is incorporated into mucopolysac- 
charides of the ground substance, such as 
chondroitin sulfate. The site at which the 
sulfated materials form can be determined 
in radioautographs. One me. per kg. S® 
sulfate was injected intravenously seven 
hours before Therefore, sulfated 
mucopolysaccharides synthesized during this 


autopsy. 


period were labeled. 

Embryos were fixed in Carnoy’s solution 
and autographs prepared by coating with 
bulk emulsions, Ansco A or NTBz, accord- 
ing to the method of Gross,*® or by the wet 
mounting technique ( Boyd*), using Eastman 
autoradiographic or NTB, plates. The re- 
duction of silver particles in the photo- 
graphic emulsion indicates the presence of 
organically bound sulfate in the adjacent 
tissue. Only sulfate bound in organic com- 
plexes are shown, because very little inor- 
ganic sulfate remains in the body seven 
hours after an intravenous injection, and 
any remaining trace would be washed out 
during preparation of the sections prior to 
staining. 

Bostrom and Mansson’ have shown that 
S* labeled inorganic sulfate is incorporated 
almost mucopolysac- 
charide 
Study of such autographs of embryos of 


exclusively in the 
component of connective tissue. 
various ages makes it possible to determine 
the time when the embryo first forms sul- 
fated connective-tissue ground substances, 
as well as the approximate amounts and lo- 
cation where this occurs. 

Reticular and 
stained with Mallory’s trichrome or Wilder’s 
silver technique after formalin fixation. The 
metachromatic reaction with toluidine blue, 
which demonstrates the presence of muco- 
polysaccharides, both sulfated and nonsul- 
fated types, was employed according to the 
method of Lison on tissues fixed in a lead 


collagenous fibers were 


acetate formol mixture. The periodic acid 
Schiff (PAS) technique was used (on eyes 
fixed by freeze substitution (Simpson*) to 
demonstrate the carbohydrate associated with 
the fibers (Glegg*). 


RESULTS 

The eye of the rabbit of the 14th day of 
gestation was well formed, with a solid lens 
of primary fibers and a retinal cup filled with 
vascular vitreous humor, but the connective 
tissue coats had not yet developed. Mesen- 
chymal cells were migrating into the eye to 
form Descemet’s endothelium and the corneal 
stroma. The corneal cells were loosely ar- 
ranged, irregularly distributed, and underly- 
ing a simple corneal epithelium. No connec- 
tive-tissue fibers were demonstrable, and the 


region of the future cornea and sclera stained 
very lightly with periodic acid-Schiff. None 


of the mesenshymal connective tissue was 
metachromatic. However, incorporation of 
S**, presumably in a connective-tissue ground 
substance, could be demonstrated. This ap- 
peared to be restricted to a narrow zone at 
the interface between the vitreous and the 
retina or lens (fig. 1). The center of the 
vitreous humor was filled with blood vessels 
which showed, together with the lens, no ac- 
cumulation of sulfate. The amount of corneal 
stroma in the center region was too little to 
be certain that S*® was present, but there was 
an indication that sulfate was being laid 
down in the limbal zone. 

The changes from the 14th to the 17th day 
were marked; the corneal stroma increased 
in amount and became slightly more dense, 
and an argyrophilic basement membrane 
formed in its center just under the epi- 
thelium. This was more strongly developed 
by the 18th day. The metachromasia of such 
corneas was confined to the posterior layers 
and was not seen in relation to the base- 
ment membrane. The material responsible for 
the metachromasia was continuous laterally 
into the anterior portions of the future 
sclera, and was extremely sensitive to tes- 
ticular hyaluronidase. The basement mem- 
brane could be stained by the PAS technique, 
but the posterior corneal layers were still 
exceedingly faint. 

Radioautographs of embryos of this stage 
showed a_ strong sulfate accumulation 
throughout the cornea, much greater in 
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amount in the deeper metachromatic layers 
(fig. 2). 
strable in the most anterior part of the sclera. 


Sulfated material was also demon- 


At this stage, collagen fibers stained with 
aniline blue were easily seen in the posterior 
corneal layers where they were continuous 
with fibers of the sclera forming in the limbal 
area, 

The most striking feature of radioauto 
graphs of eyes at this stage was an accumula- 
tion of sulfate on or in the vitreous surface 
adjacent to the retina and lens. The resolu- 
tion of the autographs was not sufficient to 
determine whether the sulfate was deposited 
solely within the vitreous, or also within the 
internal limiting membrane of the retina. Al- 
though a network of hyaloid vessels was very 
close to the surface of the vitreous, it did not 
seem likely that the sulfate was associated 
with them, for the interior of the vitreous 
humor was also filled with a branching net- 
work of blood vessels and cells which ap- 
peared negative in the radioautographs. 

Embryos were studied in a closely graded 


series from the 18th to the 26th day, by 
which time the connective tissue capsule was 
well formed completely around the eye. Col- 
lagenous fibers were distributed throughout 
the cornea, but were regularly arranged and 
dense in the posterior layers and very loose 
and irregular in the anterior half. The pos- 
terior corneal connective tissue was con- 
tinuous with that of the sclera which, by this 
stage, completely enveloped the eye to the 
optic nerve, which in turn, had developed its 
own connective-tissue sheath (fig. 3). Both 
the cornea and the sclera were extremely 
metachromatic. Although the sclera in the 
adult is not metachromatic, this type of stain- 
ing reaction is extremely marked in embryos 


of this age, exceeding that of the cornea. This 


may be due to a denser arrangement of the 


scleral fibers than those of the cornea, The 


corneal metachromasia was much more 
marked in the deeper layers than in the loose 
anterior ones. The connective-tissue fibers 
of both the cornea and the sclera were more 


mature at this stage, as shown by the deep- 


Figs. 1-9 (Smelser and Ozanics). Distribution of radioactive sulfate in the developing eye 

(1) Radioautograph of a section of an eye of a 14-day-old rabbit embryo showing accumulation of S* 
in cornea and at interface of the vitreous and retina and lens. The silver grains, reduced by the action of 
S” are shown superimposed on the section which was stained with hematoxylin 

(2) Radioautograph of a section of the eye of an 18-day-old rabbit embryo. Note concentration of S* 
in the posterior layers of the cornea and the strong reaction at the interface of the vitreous humor and 
the adjacent retina and lens. The dense black structure above the eye is the cartilage and bone forming 
the roof of the orbit. The lesser density of the central corneal layers is due to distortion of those lamallae 
during preparation. The section itself is lightly stained. 

(3) Radioautograph of the eye of a 26-day-old rabbit embryo. S* has been incorporated into the sclera 
completely around the eye and in the optic nerve sheath, as well as in the cornea. The concentration seen 
earlier on the surface of the vitreous humor has disappeared by this stage. The section is stained with 
hematoxylin. 

(4) Section of the region « 
atoxylin) coagulum of vitreous humor on the surface of the ciliary body adjacent to the retina 

(5) Radioautograph of a section of the same eye as that shown in Figure 4. Note the concentration of 
S* in the vitreous humor, in the region of the coagulum shown in Figure 4, and in contact with the 
ciliary body. The section is stained with hematoxylin so that the structures of this region are shown in 
addition to location of S® 

(6) Radioautograph of the cornea of a rabbit five days post partum 
more concentrated in the posterior layers. 

(7) Radioautograph of the cornea of a rabbit 18 days post partum 
homogeneously distributed throughout the cornea. 

(8) Radioautograph of a whole mount of the vitreous humor and ciliary body of a 22-day-old rabbit 
embryo. Most of the vitreous humor shows no evidence of sulfate incorporation, but the ciliary body 
contains much S® in it or on its surface as indicated by the marked reduction of silver grains in the 


f the ora serrata of a 22-day-old rabbit embryo showing a stainable (hem- 


Note S-labeled sulfate is still 


The S*-labeled sulfate is now 


emulsion covering it 

(9) Radioautograph of a section of the eye of a 22-day-old embryo. The vitreous is shrunken and 
detached from the retina. In pulling away some of the S*-labeled material remained with the retina and 
some was part of the vitreous humor. 
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ening color obtained with the periodic acid- 
Schiff technique although, relative to the 
adult tissue, the staining was still very weak. 

On the 26th day, the still quite vascular 
vitreous humor showed little or no sulfate 
incorporation in relation either to the vessels 
or to the interface of the vitreous and retina. 
However, at about this stage, the ciliary body 
and processes were well differentiated and on 
their inner surface, particularly near the ora 
serrata, a stainable coagulum of vitreous 
humor was often found. This material gave 
a strong metachromatic reaction with tolu- 
idine blue which was abolished with hy- 
aluronidase, this 
region showed an accumulation of sulfate 
in this material. This is shown in a 22-day 
embryo (figs. 4 and 5). The only sulfated 
substance found in the vitreous humor was 
in that region where it was still in contact 
with the ciliary processes, near the ora 
serrata, and adjacent to the future pars 
plana. No visible zonular fibers had developed 
by this stage. 

At term, the differentiation of the choroid 
was easily demonstrable. It consisted of an 


and radioautographs of 


extremely vascular and loose connective tis- 
sue, the majority of the fibers of which were 
reticular, supporting the blood vessels and 
separating the sclera from the pigment epi- 
thelial layer of the retina. 

At birth and during the first few days of 
postnatal life, the cornea was still obviously 
immature. The posterior layers were dense 
and regular, whereas the anterior layers were 
of loose, irregular collagenous fibers. The 
intensity of the metachromasia was greatly 
increased, but still far less than that found 
in the adult. The sclera was still markedly 
metachromatic, approximately equal in in- 
tensity to that of the cornea. The meta- 
chromasia of the cornea was no longer com- 
pletely abolished by pretreatment with hy- 
aluronidase, whereas that of the sclera was 
wholly sensitive to this treatinent. 

Radioautographs showed a distribution of 
sulfate very similar to that of the meta- 
chromatic material. Although sulfated muco- 


polysaccharides were being formed through- 
out the cornea, their rate of synthesis was 
still greater in the posterior layers (fig. 6). 
The sclera also was synthesizing this type of 
material at a rate not significantly different 
from that of the cornea, Marked changes in 
the cornea and sclera did not occur during 
the first two weeks after birth, excepting that 
the metachromasia of the sclera faded per- 
ceptibly in the posterior hemisphere. 

By the 19th to 20th day, or approximately 
one week after the lid adhesions had broken 
down, the eye appeared to be essentially ma- 
ture. The cornea was transparent and, for 
the first time, the corneal metachromasia was 
equal in intensity in the anterior and pos- 
terior layers, and like that of the adult. The 
metachromasia of the sclera had been lost 
except in the limbal areas. Sulfate uptake by 
the corneal tissue, as shown in autographs, 
was essentially equal in the anterior and the 
posterior layers (fig. 7) as in the adult, but 
the rate of mucopolysaccharide 
synthesis was still very high. 


sulfated 


VITREOUS HUMOR 

The vitreous humor of the adult contains 
considerable quantities of hyaluronic acid 
which is metachromatic, but sections of the 
embryonic vitreous showed meta- 
chromasia excepting near the ora serrata, as 
already mentioned. Even in the early stages 
before a well-developed ciliary body formed, 
metachromatic vitreous was found lying on 
the inner edge of the lips of the optic cup. 
It was thought that the absence of meta- 
chromasia throughout the vitreous might be 
due to its low concentration and the thinness 
of the sections. Therefore, the eyes of a 
series of embryos were dissected and the 
whole vitreous spread on a slide with some 
fragments of attached retina and ciliary 
body. These were dried, thus concentrating 
all of the metachromatic substance in the 
entire vitreous into a thin film. 

The vascular network was a prominent 
feature of these preparations, and stained 


orthochromatically as did the isolated cells 
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which were scattered through it. The retina 
both ortho- 
chromatically, but the material adjacent to 


and the ciliary body stained 


the ciliary body was extremely metachro- 
matic. 

Since, in the late stages of development, 
concentration of sulfate was found associ 
ated with the ciliary body, particularly at the 
spreads of vitreous humor of 


ora serrata, 


embryos treated with S* sulfate were also 
made and autographs prepared of them. No 
concentration of sulfate was found associ- 
ated with the vitreous humor cells and very 
little with the vascular network. Sulfate was, 
however, found irregularly distributed in the 
vitreous coagulum, particularly against the 
ciliary body, and occasionally near frag- 
ments of retina which had been included in 
the spreads (fig. 8). 

Thus, both the preparations stained with 
toluidine blue and the radioautographs sug- 
gest that the materials demonstrated by these 
methods originate or become concentrated 
on the surface of the vitreous humor, par- 
ticularly in relation to the ciliary region and 
the internal limiting membrane of the retina, 
rather than in relation to the vascular sytem 
and its attendant cells. 


DISCUSSION 


Descriptions of the developing eye (Bach 
and Seefelder,”® and Ida Mann*') have dealt 
with the distribution of the collagenous fibers 
of the embryonic cornea and sclera. These 
have been shown to arise first in the deep or 
posterior layers of the cornea, whence they 
spread to the anterior or limbal portion of 
the sclera. Scleral organization proceeds 
rapidly to the posterior pole where the fibers 
encircle those of the optic nerve, The sclera 
then thickens as the eye grows, and the cor- 
neal fibers develop in its anterior layers. 

The present study finds that, in general, 
development of metachromatic and sulfated 
materials of the ground substance follows 
the same pattern, but precedes fiber forma- 
tion by a short interval of time. An excep- 
tion was found in that the first connective 


fibers formed were not 


corneal collagen, but were anterior argyro- 


tissue posterior 
philic fibers forming the basement membrane 
under the epithelium. Their origin was either 
not associated with metachromatic or sul- 
fated precursors, or these substances were 
present in such small amounts and arranged 
in such thin lines that they were not readily 
visible. 

Reticular fibers elsewhere, for example, 
regenerating wounds’ and basement mem- 
brane of the lid epithelium, were associated 
with sulfated and metachromatic ground sub- 
stance. The mucopolysaccharides which the 
methods used here located, were associated 
predominantly with collagen formation in the 
developing eye. The cornea reached an adult- 
like structure late in development. 

When the eyes first opened at about the 
12th postnatal day, fiber formation was in- 
complete in the anterior layers, and the de- 
gree of metachromasia was not yet equal to 
that of the adult cornea, nor had the normal 
degree of transparency or hydration been 
obtained.** Apparently, complete homogene- 
ous corneal sulfation and adult degree of 
metachromasia, hydration, and transparency 
were all reached simultaneously late in de- 
velopment. 

During differentiation, collagenous con- 
nective tissues in general are highly meta- 
chromatic, whereas in the adult most of them 
are not. Sclera is a typical example. Its high 
metachromasia during early development was 
lost rather rapidly in the late stages. How- 
ever, the cornea did not follow this pattern. 
It increased in metachromasia as it pro- 
gressed to full structural maturity. During 
embryonic development the metachromatic 
substances were readily removed by treat- 
ment with testicular hyaluronidase, whereas 
the material formed in later stages of cor- 
neal development was increasingly resistant 
to this enzyme. This indicates that these last 
formed metachromatic substances were not 
hyaluronic acid, chondroitin, or chondroitin 
sulfate A or C. Possibly -keratosulfate was 
formed at this stage. 
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It was not possible to find traces of meta- 
chromasia at stages earlier than those show- 
ing incorporation of sulfate in the tissues. 
One might expect hyaluronic acid and chon- 
droitin to be formed first and the latter to 
be subsequently sulfated. If this does occur, 
the quantities must be so small and/or the 
nonsulfated stage passed so quickly that evi- 
dence of their presence could not be obtained 
by the metachromatic color reaction. 

Although the humor 
much hyaluronic acid, its source is unknown. 
were 


vitreous contains 
In the embyro, Bembridge and Pirie 
unable to find evidence of its presence—a 
somewhat surprising report because one 
might expect to find a high concentration of 
mucopolysaccharides in growing connective 
tissue. Although metachromatic substances 
were readily demonstrable in the embryonic 


vitreous humor, the specific type of muco- 
polysaccharide present could not be estab- 


lished by this means. The concentration of 
metachromatic material found in both sec- 
tions and whole mounts, near the ciliary 
body at the ora serrata in the embryo, sug- 
gests that it is produced in this region, rather 
than by the cells of the vitreous humor, 
which are associated with the hyaloid vascu- 
lar network. 

In view of the well-established fact that 
the adult vitreous humor does not contain 
sulfated mucopolysaccharides,”® their pres- 
ence in the developing vitreous was surpris- 
ing. The structure of the embryonic vitreous 
is, however, markedly different from that of 
the adult, the bulk of which forms after the 
sulfated stage has been passed. The sulfated 
materials were not associated with the cellu- 
lar or vascular components, but with the 
vitreous surface, which, at this stage, is 
firmly attached to the retina posteriorly. It 
was, therefore, impossible to determine the 
origin of the sulfate in this area. 

Figure 9 shows a specimen in which the 
vitreous body is shrunken away from the 
retina. Some of the sulfated material re- 
mained with the vitreous and the attached 
retinal remnant, and some with the retina. 
The vascular surface of the vitreous which 


was applied to the posterior pole of the lens 
was also rich in sulfated materials. It is pos- 
sible that this portion is largely derived from 
the ciliary region and diffuses under the lens 
and, like that in the posterior area, is de- 
rived from the retinal cup. 

SUM MARY 

1. The first connective-tissue fibers form- 
ing about the developing lens and retinal cup 
are argyrophilic and form the corneal base- 
ment membrane. Collagenous fibers quickly 
develop in the posterior corneal layers and 
fibrillogenesis spreads around the eye to the 
posterior pole, forming the sclera. 

2. The anterior lamellae of the cornea are 
the last ones to form and are completed post 
natally. 

3. Connective tissue ground substances, as 
indicated by metachromatic staining and S* 
sulfate incorporation, precede the formation 
of collagenous fibers. 

4. Whereas 


creases with development, that of the cornea 


scleral metachromasia de 
increases in degree and in resistance to hy- 
aluronidase. This suggests that keratosul fate, 
which is characteristic of the cornea and is 
not split by hyaluronidase, is first formed 
late in development. 

5. Sulfated connective-tissue components, 
presumably mucopolysaccharides, can be 
demonstrated in radioautographs very early 
in development. Apparently the nonsulfated 
mucopolysaccharides such as chondroitin 
and hyaluronic acid are not present in appre- 
ciable quantities earlier than those which are 
sulfated. 

6. The first clear traces of sulfate incor- 
poration in the embyronic eye occur in or 
on the surface of the vitreous humor. The 
sulfated component is not associated with 
the hyaloid vessels or with the cells found 
in the vitreous, but is found in close associ- 
ation with the vitreous humor surface in con- 
tact with the internal limiting membrane of 
the retina, the anterior hyaloid membrane, 


and the surface of the ciliary body. 
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DISCUSSION 


(Bethesda, Mary 
much to say in 


Dr. Lupwic von SALLMANN 
land): I am afraid I don’t 
discussion, because I have in no way participated in 
this work of Smelser and Ozanics. My only contact 


have 


with the problem was many years ago when I tried 
early autoradio- 


the use of radioactive sulfate in 


which have not been 


the distribution of radio 


graphic studies on the 
followed up with respect to 
sulfur. Dr. Smelser and Miss Ozanics approached 
the development problem most successfully with a 
technique which provided and important infor- 
mation. From the technical viewpoint I have never 
a whole eye. 


new 


seen finer autoradiographs of 
I might ask Dr 
second slide the area in the 


In the 
film corresponding to 
blackened. Is this an 
this 


Smelser two questions 
the vitreous appears unevenly 
artefact, or is significance attached to 
difference in density ? 
Second, how can one be 


some 


sure of having removed 
the unbound inorganic radioactive sulfate completely 
and left intact the sulfonated mucopolysaccharide? 

Dr. NorRMAN ASHTON (London): I should like 
to congratulate Dr melser on this magnificent 
work. 

We found, some time ago, that the connective- 
tissue elements enter the retina with the ingrowth 
of the blood vessels. One can see aggregations of 


mesenchymal cells preceding the ingrowth vessels, 


and we found that they contained what apparently 
were glycogen granules. 

I should be most interested to know whether Dr. 
Smelser has found any radioactive sulfate preced- 
ing the ingrowth of vessels into the retina. 

Dr. Georce K. Smetser (closing) : I wish to ex- 
press my appreciation of the discussion and will try 
first to answer Dr. von Sallmann’s question relative 
to Figure 9. 

The technique used is that of coating and there is 
often some degree of unevenness in the thickness 
of the emulsion between one side of the slide and 
the other. Usually in a small area this is of no 
significance. In the case of the particular section to 
which you refer there was a marked artefact, due 
to shrinkage of the vitreous which allowed us to 
demonstrate, I think, that the sulfated mucopoly- 
saccharide was attached rather firmly to the vitre- 
ous as well as to the retinal surface. On the oppo- 
site side of the section where the autograph was 
lighter, the emulsion was thinner and there were 
fewer grains to be photographed. 

One can be fairly certain that the autography is 
of organically bound sulfate and not of free sul- 
fate. I said it was sulfated mucopolysaccharide be- 
cause it has been shown by a number of very capa- 
ble chemists that inorganic sulfate, injected intra- 
venously, can be found in the connective tissue, and 
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from this connective tissue S”-labeled chondroitin 
sulfate of various sorts can be isolated. All of the 
sulfate can be found in those compounds, in con- 
nective tissue. In addition, seven hours after an 
intravenous injection of inorganic sulfate, most of 
it has been excreted by the kidneys and very little 
left in the blood. Traces left in the free fluid in 
the connective tissue spaces would be removed be- 
cause after the sections are prepared they are 
stained and washed in water, thus washing out un- 
bound sulfate. One does not know the exact form 
of the S™ in our sections, but we are dependent on 
the excellent work of Bostrém, his co-workers, and 
of other laboratories in stating that the binding here 
is in the form of chondroitin sulfate and, we feel 
sure, keratosulfate also. 

In answer to Dr. Ashton’s question relative to 
the ingrowth of blood vessels, I would rather ex- 
pect that if there is much mesenchymal material 
entering the retina with the blood vessels, one would 


find either simultaneously or preceding them, the 
ingrowth of material which was sulfated, because 
one generally finds chondroitin sulfate in the ground 
substance of such tissue. 

We have not followed the blood vessel growth in 
the embryonic retina by this method. Some of the 
preparations which we have now shown you do 
show that there is a condensation of this sulfated 
material in the layers around blood vessels in the 
retina. The resolution of this type of radioauto- 
graph is not quite adequate to determine if the S* 
is within the connective tissue surrounding a small 
capillary or not. One can only say it is in the 
neighborhood of it 

ty the use of a stripping film technique which 
has been developed so very excellently by Pelc, one 
could be certain, I think, that the sulfate would be 
in the adventitia of small vessels. If the adventitia 
is rather limited, one will be in difficulty trying to 
demonstrate sulfate in ingrowing vessels 
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VI. THE EFFECT OF CONCENTRATION 
IMMATURE 


OXYGEN ON THE 


AND DURATION OF EXPOSURE TO 


MOUSE EYE 


ARNALL Patz, M.D., AnD ANN B. EasTHAM 
Baltimore, Maryland 


Previous clinical and experimental 


studies*" have convincingly demonstrated 
that the overuse of oxygen is an important 
and apparently the principal factor in the 
etiology of retrolental fibroplasia. In animal 
experiments the severity and incidence of 
ocular lesions produced by oxygen in general 
have been found to be proportional to the 
concentration of oxygen used and the dura- 
tion of exposure to oxygen. Only those ani- 
mals with an incomplete retinal vasculature 
show ocular lesions on exposure to oxygen 
and the susceptibility to oxygen damage is 
to the degree of 


inversely proportional 


*From the Wilmer Ophthalmological Institute 
of The Johns Hopkins Hospital and University, 
Baltimore, and the Retrolental Fibroplasia Research 
Laboratory, District of Columbia General Hospital, 
Washington, D.C. These studies were aided by 
grants from the E. Matilda Ziegler Foundation for 
the Blind, the National Society for the Prevention 
of Blindness, and the National Institute of Neuro- 
logical Diseases and Blindness, U. S. Public Health 
Service. 


vascularization of the immature retina.* The 
present experiments were designed to ob- 
serve more quantitatively the effects of dura- 
tion of exposure of the animal to oxygen and 
the influence of smaller differences of oxy- 
gen concentration on oxygen-induced lesions 


in the mouse eye. 
SUBJECTS AND METHODS 


All animals used in this study were new- 
born albino from the general purpose colony 
( National Health). Nursing 
mother animals with their newborn litters 


Institutes of 


were placed in oxygen chambers within the 
first 18 hours of birth. 

The oxygen 
plexiglass tops of the Isolette incubator which 
were furnished us by the Air-Shields Co. 
The 
units of the regular Isolette were not in- 
cluded in these units. As a substitute to in- 


chambers consisted of the 


air-conditioning and humidification 


sure circulation of the gases and an even 


concentration of oxygen throughout the 
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chamber, a small two-inch circulating fan 
was mounted at one end of the chamber. A 
thermostatically controlled heating coil lined 
the bottom of the chamber and the tempera- 
ture could be regulated as desired. 

During these experiments the oxygen con- 
centration was measured at intervals varying 
between four and 12 hours on a regular 
basis. A paramagnetic analyzer, accurate 
within +2.0-percent concentration, was used 
to measure the oxygen content. No samplings 
of CO, were made during these studies, as 
sufficient data showing no significant CO, 
accumulation had been collected in previous 
experiments under similar circumstances. 

Litter mates of the same strain of animals 
raised in room air served as controls for a 
part of these experiments. Stock controls 
from previous experiments on the same 
strain of mice were also included. Where 
concentrations of 80-percent oxygen or more 
were used, a system of exchanging nursing 
mother animals with foster mothers main- 
tained in room air was required to prevent 
irritation of oxygen on the 
24-hour 


were 


pulmonary 
mother 
mother 


animals. At intervals the 


animals removed from the 
chamber and swapped with their counter- 
parts in room air. The newborn animals, 
however, withstood the high oxygen concen- 
tration for much longer periods before any 
evidence of pulmonary difficulty appeared. 
Where concentrations of oxygen of 60 per- 
cent or less were utilizea, it was unnecessary 
to remove the mother animals from oxygen 
as they tolerated the oxygen without evidence 
of pulmonary irritation. 

The animals were kept in the incubators 
for periods varying from one to 10 days. 
After the desired stay in oxygen was com- 
pleted, the animals were transferred directly 
to cages in room air and held until killing. 
This was usually done at about the 18th day 
of age. Some animals that were raised in 30- 
percent and 40-percent oxygen environment 
were continued at these concentrations in the 
incubator for either 14 or 21 days (table 1). 

At the conclusion of the experiments the 


TABLE 1 


SHOWING EFFECTS OF VARIOUS CONCENTRATIONS OF 
OXYGEN FOR 10 DAYS TO THE NEWBORN MOUSE 


No. with 
Ocular 
Lesions 


Oxygen 
Concentration 
(percent) 
20 96 

(room air) 
30 27 
40 40 
60 16 
80 18 


No. of 
Animals 


animals were anesthetized with ether anes- 
thesia and the chest wall opened. An intra- 
cardiac injection of India ink diluted 50 
percent with distilled water was injected 
slowly into the beating animal heart. Care 
was taken to avoid excess pressure during 
injection into the heart. The pumping action 
of the heart circulated the India ink through- 
out the body and when the animal's tongue 
appeared black, the injection was stopped. 
Usually the heart stopped beating within a 
seconds after this. The were 


few eyes 


(Patz and Eastham). Cross-section of 
newborn mouse eye, showing hyaloid vessels in the 
vitreous, vessels of the tunica vasculosa lentis, and 
the undifferentiated pattern of retina. (Hematoxy- 
lin-eosin x30.) 
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enucleated and fixed in Bouin’s solution, 


then transferred after 24 hours to formalin 
fixation. One eye of each animal was em- 
bedded in paraffin and sectioned in the usual 
manner in sections six microns in thickness. 
The opposite eye was opened at the limbus 
and the cornea, iris, and lens were removed. 
The retina was then dissected out and placed 
on a slide with the vitreous surface up. 
Glycerin jelly was applied and a cover slip 
placed over the glycerin-mounted specimen. 
The paraffin-embedded sections were stained 


Fig. 3 (Patz and Eastham). An 
18-day-old mouse who received 80- 
percent oxygen for five days and 
was removed to air for an additional 
13 days. Note persistence and pro- 
liferation of hyaloid vessels and 
disorganization of the vitreous. 
(Hematoxylin-eosin, 30.) 


EASTHAM 


Fig. 2 (Patz and Eastham). Eye 
of 18-day-old 
ing clear vitreous with complete re- 
gression of hyaloid 
tunica vasculosa lentis. Note that the 
retina has differentiated into its adult 
pattern. (Hematoxylin-eosin x 30.) 


ntrol mouse, show- 


vessels and 


with hematoxylin and eosin. The flat retina 
preparations which showed the India ink 
injected vascular system were studied un 
stained. 
RESULTS 

The ocular lesions in the oxygen-treated 
animals consisted of nodules of endothelial 
cells in the nerve-fiber layer of the retina, 
capillaries erupting from the internal layers 
of the retina into the vitreous, intraocular 
hemorrhages, and abnormal persistence and 
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Fig. 4 
retina of 
cent oxygen for five days a 
air for 13 days. Arrow points to endothelial nodule 
proliferating from retina into the vitreous which is 
disorganized. (Hematoxylin-eosin, 500.) 


(Patz and Eastham Cross-section of 


18 day old mouse w received 80 per 


l was placed in room 


proliferation of the hyaloid vasculature (figs 
1 to 5). None of these changes was detected 
in any of the control animals. 

The data show that animals exposed to 
30 percent oxygen for a period as long as 21 
days continuously showed no abnormalities 
visible in either flat retina preparations or in 
cross section. 

At concentrations of 40-percent oxygen, 
no lesions were noted after exposures up to 
and including seven days. Where the stay 
in oxygen was extended to 10 days, four of 
40 animals (10 percent) showed ocular 
rABLE 2 


SHOWING EFFECT OF DURATION OF EXPOSURE 
OXYGEN AT 40-PERCENT CONCENTRATION ON 
THE NEWBORN MOUSE EYE 


No. with 


Ocular 
Lesions 


Days Exposure 
to 40-percent 
Oxygen 


Total No 
of Animals 


0 
10 4 
14 5 


Cross-section of nor- 
control. 


Fig. 5 (Patz and Eastham). 
mal 18-day-old mouse eye 
( Hematoxylin-eosin, 500.) 


serving as 


hemorrhages. In this group there were no 
vascular proliferative lesions noted; how- 
ever, intraocular hemorrhages occurred as 
compared with no hemorrhages in any of 


the controls. Where the stay in oxygen at 


40 percent was increased to 14 days, five of 


24 animals (20.8 percent) showed ocular 


lesions consisting of ocular hemorrhages and 


neovascular buds proliferating from the 
retina into the vitreous. 

At 60-percent oxygen concentration, no 
lesions were noted during the first four days 
of exposure to oxygen. However, 10 percent 
of the animals showed lesions after five days’ 
exposure and 100 percent of the animals 
showed ocular lesions after extending the ex- 
posure to seven days. 

At 80-percent concentration, no lesions 
appeared in the first four days. After only 
one additional day of exposure to make a 
total of five days in oxygen, 60 percent of 
the animals showed ocular lesions. Extending 
the stay in oxygen at 80-percent concentra- 
tion for an additional two days for a total 
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exposure of seven days resulted in 100 per- 
cent of the animals showing ocular lesions 
(tables 1 and 2). 


DIscUSSION 

These data show very strikingly the im- 
portance of duration of exposure as a factor 
in experimentally induced lesions. It is noted 
that in general the greater the concentration 
of oxygen, the more frequent and earlier the 
ocular lesions appeared. The effects of dura- 
tion of exposure were more striking, how- 
ever. For example, the difference in exposure 
to 80-percent oxygen for four days and for 
five days was quite remarkable. No lesions 
occurred after four days’ exposure and for 
one additional day to make a total of five 
days in oxygen, 60 percent of the animals 
showed ocular lesions. 

We should be cautious here in applying di- 
rectly these animal data to the problem of 
clinical retrolental fibroplasia. However, the 
experiments at 40-percent concentration have 
possible clinical application in light of some 
of the current recommendations on oxygen 
usage in the premature nursery. A feeling of 
security that 40-percent oxygen is a safe 
level for the premature infant has developed 
These 


showing lesions occurring after 10 and 14 


in certain premature centers. data 


days’ exposure at 40-pereent oxygen are 
quite pertinent to this question. They should 
sound a note of caution against the indis- 
criminate use of so-called safe levels of oxy- 
gen (40 percent or under) for prolonged 
periods, as such a policy may not be without 
ocular danger in the premature nursery. Our 
previous data show that the kitten and puppy 
are more susceptible to oxygen induced ocu- 
lar lesions than the mouse and it is possible 
that the premature infant may be even more 
susceptible. 

It is of interest that during the last few 
days of prolonged exposure to oxygen the 
animal retina is more differentiated and 
theoretically we might think less susceptible 
to ocular damage from oxygen. These data, 
therefore, raise the possibility of a cumula- 
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tive effect from the prolonged exposure to 
oxygen. It was of interest to note that the 
animals at 40-percent oxygen who were ex- 
posed for seven days showed a failure of the 
deeper vascular net of the retina to develop, 
although the retina otherwise appeared nor- 
mal. This observation was first reported by 
Hellstrom® and is confirmed in these experi- 
ments. 

These data which emphasize the apparent 
critical role of duration of exposure to oxy 
gen are in general agreement with a similar 
experiment previously reported from our 
laboratory® in controlled experiments on the 
effect of rapid versus gradual withdrawal 
from oxygen. In these latter experiments it 
was noted that following an initial nontoxic 
exposure of the animal to oxygen, the added 
that 
period of gradual tapering off (withdrawal) 


oxygen was administered during a 
from oxygen apparently furnished that extra 
amount of oxygen needed to make the total 
exposure injurious to the animal eye. 

It is important to compare these data with 
the excellent studies of Hellstrom® who used 
C-57 black mice. Hellstrom found 40-percent 
oxygen exposure injurious to approximately 
one third of his newborn animals after only 
five days’ exposure and correspondingly 
slightly increased sensitivity to the higher 
oxygen concentrations than were found in 
the albino mice reported here. It seems rea- 
sonable that some difference in susceptibility 
of these strains may exist. However, slight 
differences in technique may account partly 
for these minor discrepancies. 


SUMMARY AND CONCLUSIONS 


1. Newborn mice were placed in oxygen at 
concentrations of from 30 to 80 percent for 
periods varying between one and 21 days. 

it 


noted that 30-percent oxygen 
had no injurious effect on the animal eye 


was 
and the stay in 40-percent oxygen became 
harmful after exposure from between seven 
and 10 days. 

3. These data stress the importance of 
duration of exposure to oxygen as an ex- 
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tremely important factor in determining the 


incidence and severity of lesions noted ex- 


perimentally. 
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4. The 
these data is briefly cited. 
1212 Eutaw Place (17). 


possible clinical application of 
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DiIscUSSION 


Dr. V. Everett Kinsey (Detroit): I would like 
to congratulate Dr. Patz on the excellent presenta 
retrolental fibro 
remarks with 


administering 


interesting work or 

jlasia, and to emphasize his last few 

regard to the 


oxygen, albeit in concentrations of 40 percent or 


tion of his 
potential hazards of 


less 

For that 
data obtained by the Co-operative Study on Retro 
lental Fibroplasia published last October.* The first 
concentrations of 
birth and the inci- 


purpose, may I present two slides of 


shows the relation between the 
oxygen given infants of single 
fibroplasia. 

The groups of infants were so selected that the 
h group was approx! 
that the incidence 


dence of cicatricial retrolental 


average stay in oxygen for ea 
It may be seer 
was approximately the 
birth who were 


the same 
fibroplasi 


mately 
of retrolental 
infants of single 


1-enriched environment for similar 


same in groups of 
kept in an oxyge 
periods of time whether the average concentration 
was 50 or 35 percent. 

The second slide represents infants of multiple 
birth, primarily all twins. Again, in the infants who 
received short stays in oxygen, namely, 1.6 days and 
two days, the incidence of retrolental fibroplasia 
was not dependent upon the average concentration 
of oxygen employed in the range of 33 to 50 per 
There is an increased in those in 
oxygen, as shown by the 


cent incidence 


fants who had 12 days in 


* Kinsey, V. E., et al.: Retrolental fibroplasia. 


Arch. Ophth., 56 :481-543, 1956. 


upper line in this slide. The number of infants, 
however, is small. 

With respect to those infants who received oxy- 
gen in concentrations under 40 percent after the 
first 48 hours of 
dence of about six percent 


out of 104 that 


life, we found an over-all inci- 
There were six cases 
developed cicatricial retrolental 
fibroplasia. Of the total number of infants who 
developed cicatricial retrolental fibroplasia in the 
whole study, namely, 47 out of 596 live premature 
infants, six of the 47 never received oxygen above 
40 percent. I believe it was in part because of these 
observations that Dr. Patz undertook his more 
quantitative study in animals 

I can only emphasize that the use of oxygen even 
at concentrations below 40 percent is accompanied 
by appreciable risk of developing cicatricial retro- 
lental fibroplasia, the severity of which is indistin- 
guishable in human beings from that in infants who 
received concentrations above 40 percent 

One final word in regard to the withdrawal prob- 
lem: again, as Dr. Patz found, in human beings we 
have very good evidence to show that if one pro- 
longs the stay in oxygen in order to withdraw the 
infant from the oxygen slowly, the incidence of the 
disease increases 

Dr. Georce K. Smetser: This study, which has 
been carried on by Dr. Patz and a number of other 
investigators over the world, was provoked by the 
occurrence of a serious clinical entity. The answer 
has finally come out of an investigation of a very 
fundamental aspect of I hope that we do 
not forget this. 


biology 
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The behavior of endothelial cells, of blood vessels 
in general, in a milieu of a raised oxygen tension, 
I believe is of importance not only to the ophthal- 
mologist but to biologists generally. Has the author 
or perhaps others in this group investigated other 
loci than the eye, or have they been a bit narrow 
minded and looked only in the vitreous? How do 
the vessels behave in other parts of the body of 
these animals? 

Other organs were also 
oxygen tension. If my memory serves me correctly, 
retrolental 


subjected to this high 


cases of fibroplasia have lesions in 
regions other than the eye. Do the authors ever 
obtain their counterpart in other organs of their 
experimental animals? If there are no observations 
of pathology in other places in the body, isn’t it odd 
that vitreous and retinal vessels respond in such a 
spectacular manner, whereas those in other places 
in the body do not? 

Dr. (London): It 
impossible to translate these animal findings into 
terms of human findings, and the first thing we 
must accept is what Dr. Kinsey tells us about the 
behavior of the human infant. That does not corre 
found in all 


is quite 


late very well with what is to be 
animal experiments. 

In the case of the kitten, and presumably also in 
other animals, I think the proliferative phase is 
dependent upon the vaso-obliteration 
which is produced by oxygen. In direct observations 
in the kitten, by window and ad- 
ministering increasing oxygen 
one can find out exactly the percentage which pro- 


irreversible 


putting in a 
concentrations of 


duces vaso-obliteration 

In the kitten it is undoubtedly about 40 percent, 
though in our early experiments we had found in 
the kitten that a small proportion of these animals 
developed lesions in 35-percent oxygen. Certainly 
below that level we have never produced obliterative 
changes in the vessels which, in my opinion, are 
production of the subsequent 
lesions: that is, if irreversible 
obliteration then there will be no proliferation. I 
think this means that the proliferations are not the 
result of oxygen per se 

I would like to ask both Dr. Patz and Dr. Kinsey 
how sure we can be of these concentrations in the 
eyes. How confident can one be that these percent- 
ages are the constant reading in all these experi- 
ments and in the clinical investigations ? 

Dr. Davin Jonnson (Detroit): In the last year 
and a half I have had the opportunity to see five 
persons with retinal detachment who were prema- 
ture babies of 2.5 to 3.0 pounds. One eye in three 
of these patients was lost, having had to be enu- 
cleated. The other eye presented retinal detachment. 
These people had had no oxygen and, at the equator 
in the temporal portion of the eye, there was a glial 
tissue proliferation with obliteration of the vessels, 
with the production of hole formation and retinal 
detachment. This is undoubtedly a minor form of 
retrolental fibroplasia 

Dr. LANGHAM (London, England): Physiologi- 


essential to the 


there is no vaso 
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cally, the finding that 40-percent oxygen can in 
duce changes in the retinal capillaries is very inter 
esting, but rather mysterious. In an animal breath 
ing air (20-percent oxygen) the maximal tension 
the arterial blood will be 150 mm. Hg and the 
oxygen capacity of the blood approximately 20 vol 
percent. When the oxygen content is increased to 
40 percent the maximal oxygen 
arterial blood will be 300 mm. Hg but the oxygen 
capacity of the blood will be increased by only 0.5 
vol. percent. Thus the amount of oxygen carried to 
the eye is increased slightly in 
tions. We are left with the explanation that it is 
the rise in oxygen tension from 150 to 300 mm. Hg 
that causes the retinal changes. There is, however, 
the added difficulty that oxygen is lost 
arterial blood before reaching the capillaries of the 
eye and as it would only need a loss of one vol 
percent of oxygen to bring the tension right down 
into the normal range it 
whether the oxygen tension in the capillaries of an 


tension in the 


very these condi 


from the 


becomes questionable 
animal breathing 40-percent oxygen would be signifi 
cantly above normal. I would, therefore, like to ask 
Dr. Patz whether he feels the retinal changes are 
due to the effect of increased oxygen tension per s¢ 
within the eye 

I should also like to ask whether the 
which 


experiment 


has ever been made in the oxygen tension 


was doubled by increasing the atmospheric pressure 


rather than adding extraneous oxygen, and if 
were the same retinal changes found? 

Dr. Davin Cocan (Boston): I would like to 
bring up something that is only indirectly related to 
Dr. Patz’ thesis, and that is in regard to 
the proliferation of 


these 
changes in the retina cells 
about the vessel walls. 

With the interest in retrolental fibroplasia a few 
years ago, there was a rash of papers showing quite 
properly (by Dr. Heath and Dr. Ashton and 
others) the characteristic cellular proliferation of 
the vessels in the periphery of the retina 

Although certainly they are found with 
lental fibroplasia, the implication is that they are 
pathognomonic of retrolental fibroplasma, and I, for 
one, have been disappointed in the number of other 
(congenital and which 


retro 


conditions miscellaneous ) 


also show a proliferation of this vessel wall in the 
periphery of the retina 

The most marked case I have ever seen was in a 
youngster with glioma of the optic nerve. I would 
like to know how characteristic these changes are 
of retrolental fibroplasia. 

Perhaps Dr. Patz doesn’t care to answer this, but 
it seems to me it is related to the general demon 
stration, and I would be interested in hearing also 
the comments of Dr. Heath in that regard 

Dr. SzewczyK (St. Louis): I think there is one 
point which was not made quite clear. First, these 
changes which Dr. Patz described occurred after 
the animals were taken away from oxygen, and not 
while they were in oxygen. This means that these 
are changes of hypoxia and not of oxygen toxicity 

We know that there are 


babies who have de 
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veloped retrolental 
never been used 

myself. It would be impossible to explain this dis 
these babies de 


fibroplasia in whom oxygen has 
I have seen some of these babies 


ease on an oxygen-toxic basis if 
veloped it oxygen, but it is 
possible to explain it if we that this 
disease is caused by a sudden diminution of avail 


without any use of 
remember 
able oxygen to he baby after it has been accli 
matized to an enriched atmosphere. It is quite possi- 
ble that after birth, or during the time of birth 
or perhaps even before birth, the baby’s oxygen 
supply may be so reduced that changes of retro 
lental fibroplasia may take place 

I also have to take issue with Dr 
withdrawal. If you will 


Patz’ statement 


of gradual remember, 


about five years ago I read a paper before a simi- 


lar group on retrolental fibroplasia. At that time I 
stated that it was due to the rapid withdrawal of 
babies from oxygen after they had been acclima- 
tized to an enriched atmosphere. I also found that 
it required five days of exposure to oxygen, so the 
baby would suffer if suddenly removed from it. If 
he were exposed from one to three days, sudden 
removal did not seem to make these changes appear 

For the last six years we have had the opportunity 
to see hundreds of premature babies, and our policy 
has been that if they have been kept in oxygen for 
any reason at all for over five to six days, they 
must be withdrawn very slowly 

If this disease is caused by rapid withdrawal or 
sudden withdrawal, then we have no answer for this 
problem but very gradual withdrawal. We know 
that it takes a normal adult approximately seven to 
10 days to become acclimatized to a rarefied atmos- 
phere. By frequent observations we have found that 
premature babies probably react in the same way 

To us, gradual withdrawal means this: If a baby 
has been acclimatized to a 40-percent oxygen con- 
reduced over a 
concentration has 


centration, his concentration is 
period of 14 to 21 days. If the 
been higher we reduce the concentration 
much longer period of time. We have had many 
continuous oxygen for 
If the prolonged 
only 


over a 
babies who given 
periods of three to four months 
were the 


were 


cause of 
babies (and, 
from the very small 
developed retrolental 


administration of oxygen 
retrolental fibroplasia, all of 
incidentally, all of them were 


group) should have 


those 


weight 
fibroplasia 

On a 30- to 40-percent range of oxygen, rapid 
withdrawal alse We have had some 
babies who developed retrolental fibroplasia who 
had never been given more than 30 percent oxygen 
concentration. It is also our policy that, if a baby 
has been kept in the range between 30 and 40-per- 
cent oxygen for over seven days, we reduce their 


is dangerous 


concentration very slowly 

Dr. ARNALL Patz (closing): I believe I will 
pick the questions that I may have even a remote 
answer to, and possibly Dr. Kinsey can tackle the 
more difficult ones. 

Dr. Smelser raised the question of whether we 
had looked into the possibility of other vessels or 


other organs being affected by oxygen. Our first 
group of animals was subjected to as extensive a 
study as we could obtain, and especially the brain 
were studied. The injected brains of the 
animals that showed the typical lesions in the eyes 
were studied in the neuropathology section at the 
Army Institute of Pathology, and their appraisal of 
the material submitted was that there was no differ- 
ence in the control and oxygen-treated animals. 

I don’t think it is an odd situation that the 
retinal are specifically involved and the 
vessels elsewhere are not, because I think there is 
no other place in the body, except possibly one 
zone in the kidney, that at four-months gestation 
does not have a well-defined blood supply. In the 
retina there are no whatsoever until the 
fourth month 

Another thing that I believe is important as to 
why the eye is specifically involved—at least the 
retinal is the peculiar architecture of the 
eye, namely, that a rich bed of vessels in the 
choroid lies in direct apposition to the retina. 
Dr. Ashton has shown very nicely with his window 
technique that, if you detach the retina from its 
attachment to the choroid, the vasoconstrictor effect 
of oxygen is no longer noted; in the detached 
retina the vessels are of normal caliber or dilated, 
whereas the retina that is against the choroid in 
normal position is constricted with oxygen. 

In answer to Dr. Ashton’s question of being sure 
of the concentration in the incubator, I don’t think 
we can be too critical of the concentration used 
if we are willing to accept a range of four to five- 
percent as an adequate control. The Isolette has a 


vessels 


vessels 


vessels 


vessels 


sleeve which, when any other gadget is to be intro- 
duced into the chamber, the total oxygen concen- 
tration in the chamber is not appreciably disturbed 
So, I think the levels that are reached maintain a 
reasonably stable concentration. 

Our determinations were made with the Beck- 
mann analyzer, which is accurate within + two-per- 
cent concentration and, when we were working espe- 
cially with the lower concentrations, we found that, 
by using precision flowmeters, we rarely had a 
range greater than two or three percent above or 
below what we were trying to obtain. When we got 
to concentrations of 60 or 80 percent, there was 
more fluctuation, and there might be a range of as 
much as six or eight percent above or below the 
levels that were desired. 

Dr. Johnson seeing 
detachment equatorially in babies who had received 
no oxygen. I do not know how Dr. Ashton feels, 
but I certainly am not convinced that oxygen is the 
only factor that could produce these proliferative 
changes in the premature infant. Certainly one 
could very quickly postulate many hormonal factors 
that are different in an infant who is born prema- 
turely and who is raised in extrauterine environ- 
ment from those in the normal infant who goes to 
term in utero, 

If you want to stretch the oxygen theory, I think 
you are within the hypothesis that oxygen as the 


raised one question about 
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key factor explains these cases, because in utero the 
arterial oxygen concentration of the premature 
infant is only about 50 percent. If a premature in- 
fant is born and raised in room air with no added 
oxygen, there is a rise in arterial oxygen within 
approximately one hour after birth to about 90 per- 
cent saturation. That is with no added oxygen. I 
think this is explained by the closure of the fora- 
men ovale and the cessation of the admixture of the 
venous and arterial blood that goes to the head. 

We just don’t know the answer to these cases 
that occur when no added oxygen is used; possibly 
some other factors may ultimately be found to ex- 
plain them. 

To Dr. Langham’s statements I have no answer 
Our experiments do not give any clue as to why 
these very small increments of increase in actual 
tissue oxygen pressure can explain such extensive 
changes in the normal vascularization of the retina 
as are seen in the oxygen-abnormal eye. Possibly 
Dr. Kinsey or Dr. Ashton may care to comment on 
that. 

In experiments on oxygen poisoning, the pressure 
in atmospheric oxygen is increased ; simply by rais- 
ing room air to three atmospheres you get an 
equivalent of 60-percent The so-called 
enzyme changes that are produced are reported to 
occur with increasing room air to equivalent high 
oxygen concentrations. 

Dr. Cogan questioned the assumption that these 
proliferative changes might be pathognomonic of 
retrolental fibroplasia. I think that is a valid criti- 
cism of accepting these animal lesions as neces- 
sarily pure retrolental fibroplasia. At least it 
simulates the that has been described as 
pathognomonic of the early changes, and I think 
the later changes. The eruption of vessels into the 


oxygen. 


lesion 
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vitreous is not appreciably different from that 
occurring in diabetics and the way the vessels erupt, 
except immature vessels, seems to be the determin- 
ing factor in the oxygen-induced lesions. 

Dr. Szewezyk has raised the question of the re- 
moval of oxygen and gradual withdrawal. I have 
no clinical data on gradual withdrawal from oxy- 
gen. In our clinical study, before we had any 
knowledge that the experimental lesion could be 
produced, babies were kept in high oxygen con- 
tinuously for 30 days at levels of 60 to 70 percent 

The thing that is striking here is that we saw 
several cases of early active disease develop while 
the babies were still in oxygen. At this time we 
were not aware of the acclimatization factor that 
Dr. Szewezyk mentioned. I do think that acclimati- 
zation does occur, and certainly the withdrawal of 
oxygen from the animal is a very important factor. 
It determines, at least in our hands, the time of 
appearance of the lesions. We have not felt, how- 
ever, that a gradual withdrawal had any ultimate 
effect on the appearance of the lesions, based on the 
studies in mice. 

I think there are other investigators who have 
seen retrolental fibroplasia occur while babies were 
getting continuous oxygen. I know Dr. Day, who 
was formerly in Dr. Reese’s nursery, had 15 cases 
that were recorded while the infants were still 
getting oxygen. I think occurred in Dr 
Kinsey’s co-operative study. 

So, from the clinical data we can state very 
definitely that it is not necessary to have abrupt 
withdrawal or so-called acclimatization and rela- 
tive hypoxia occur for the disease to be produced 
I would be willing to agree that rapid withdrawal 
or this relative hypoxia can influence and may ac- 
centuate the basic oxygen lesion 


cases 


DUAL RESPONSE OF THE LIMULUS LATERAL EYE 
TO ELECTRIC STIMULATION* 


Leo E. Lipetz,t M.D. 
Columbus, Ohio 


I. INTRODUCTION 


Hartline, Coulter, and Wagner' reported 
in 1952 that the lateral eye of Limulus can 
respond to electric stimulation, as well as to 
light. They found that passage of an electric 


*From The ‘enkins Laboratory of Biophysics, 
The Johns Hopkins University, Baltimore, Mary- 
land. 

t Now at the Department of Ophthalmology and 
the Division of Biophysics of the Department of 
Physiology, The Ohio State University. Member 
of the Institute for Research in Vision, The Ohio 
State University. 


current through the whole eye could produce 
a discharge of impulses in the optic nerve 
fibers. Furthermore, depending on the direc- 
tion of the current, the response of the eye 
to illumination was found to be inhibited or 
facilitated Later, Sten- 
Knudsen showed that a previous light stimu- 
lus increased temporarily the electric excita- 
bility of the eye.” 

The present study is a continuation of the 


by the current. 


above cited work, and it was undertaken to 
elucidate with an improved technique further 
details of the electrical response mechanism. 
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Il. MetHop 

The method was very similar to that used 
in previous studies.** A lateral eye with 
three to five centimeters of the optic nerve 
intact was excised from an adult Limulus, 
and mounted in a special chamber as dia- 
gramed in Figure 1. The optic nerve (0) 
was led over a barrier (b) into a saline pool 
(111). One (d) of a pair of Ag-AgCl wick 
electrodes was placed in the pool. A small 
bundle of nerve 
loose at the cut end of the optic nerve and 
raised from the pool onto the second of the 
electrodes (ec). With this arrangement ac- 
tion potentials occurring in the small bundle 


fibers (f) was dissected 


(f) produced between the electrodes (d) and 
(e) voltage differences which could be am- 
plified and recorded. 

A time constant of 0.001 sec. was used in 


the amplifier to avoid displacement of the 
baseline during passage of current through 
the eye. The number of fibers in the bundle 
was reduced until only a single nerve fiber 
remained active in the bundle, judging from 
the regularity of discharge and uniformity of 
the size and shape of the action potentials. 

Electrically isolated pools (1) and (II) 
were applied respectively to the cornea (c) 
and the back of the eye (a). Large Ag-AgCl 
electrodes (g) (h) were connected 
through seawater-agar bridges (i) and (j) 
to each of these pools, and a current source 


and 


connected across these electrodes. A stimulat- 
ing current of controlled strength and dura- 
tion could then be passed through the eye in 
either direction from one pool to the other. 

A small beam of light (k) was focused 
on the f of the ommatidium 


corneal facet 


Fig. 1 (Lipetz). Experimental arrangement for measurement of nerve impulses from the Limulus lateral 
eye. Description in text. 
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which gave rise to activity in the particular 
This 


mitted an exclusive stimulation by light of 


nerve fiber under observation. per- 
that ommatidium and fiber. 

Special precautions were needed to keep 
the artefact voltage, produced at the pick-up 
electrodes (d and e) by the stimulating cur- 
rent, from being so large as to mask the 
action potentials. First, a grounded, wick- 
type Ag-AgCl electrode (m) was placed on 
the optic nerve (0) where it crossed the 
barrier (b) between pools (II) and (III). 
This also served to keep moist the portion of 
optic nerve not immersed in a pool. Second, 
the electrical resistance between the ground 
electrode (m), the pick-up electrodes (d and 
e), the current source, and each of the pools 
(I, Il, IIT) had to be kept greater than 100 
megohms. For this reason the entire chamber 
was made of lucite except for the front glass 
window (n). Paraffin was used to coat the 
lucite and seal all joints, as well as to mount 
the eye and the glass window. 

Pool I was filled with artificial seawater, 
and pools II and III with aerated, defibrin- 
ated Limulus blood. The bottom of pool ITI 


sloped up toward the back and was lined 


bakelite. This 
and dissect the fiber 


with paraffin-coated black 
made it easier to see 
bundles of the optic nerve. Since it was 
found that the optic nerve became inactive if 
the animal was dehydrated, all Limuli were 
placed into (artificial) seawater for three 
hours just before the experiment. Ommatidia 
located at the extreme margin of the eye 
were not used because the stimulating cur- 
rent path through such ommatidia would be 
asymmetrical about the axis of symmetry of 
the ommatidium and so would complicate 
interpretation of the results. 

The preparation chamber was fitted with 
a moisture-proof cover to prevent drying of 
the eye and nerve. The usual life of a single 
fiber preparation was four hours at 22°C. 
and longer at lower temperatures. 


Electrical polarization was minimized by 


alternating the current direction every 10 
seconds, 
The measurement errors were: for latent 


periods, +2.0 milliseconds; for stimulus 
duration, +0.5 percent, and for relative cur 


rent strengths, +0.25 percent. 


Ill. ResuLtTs 


When a constant current was applied with 
the cathode at the cornea, action potentials 
were recorded from the optic nerve fiber as 
This 


response is typical of those observed by 


illustrated in record A of Figure 2. 


Hartline, Coulter, and Wagner.’ As the cur 
rent strength was increased, the latencies of 
all action potentials gradually decreased. 
However, a new finding was that, when a 
critical current strength was reached, the 
latent period of the first action potential in 
the response suddenly became very short, as 
illustrated in record B of Figure 2. Previous 
experimenters have not been able to make 
this observation because the large stimulus 
artefact masked any short latency action po 
tentials. 

The latency of each action potential in 
the response is plotted in Figure 3 against 
the strength of the stimulating current which 
produced that response. It can be seen that 
at the critical current strength the latency of 
the first action potential became suddenly re 
duced and the  strength-latency curves 
showed a discontinuity. 
found that 
sponse could be classified into one or a com 


It was in every case the re- 


bination of both of two distinct types of 
response: the “early response,” consisting of 
action potentials having an observed latency 
of less than 40 msec ; and the “late response,” 
consisting of action potentials having an 
observed latency of more than 90 msec. The 
observed latency included the conduction 
time of the nerve impulse along the optic 
nerve fiber from the eye to the recording 
electrodes: between 15 to 40 msec. There- 
fore, the true latency of the “early response” 
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Fig. 2 (Lipetz). 
tion potentials from a single active 
optic nerve fiber of the 
lateral eye during 
electric current through the whole 
eye. The beginning and end of the 
2.0 second stimulation period are 
marked “on” and “off.” The cathode 
was at the cornea. Time marks at 


Records of ac 


Limulus 


passage Of an 


0.2 second intervals appear at the 
Record A 
shows the response to 0.28 ma. cur 
rent. Record B 


bottom of each record 


shows the response 
to 0.31 ma. current. Note the very 
short latency action potential 
(“early response”) indicated by the 
arrow at the bottom left of the 


record 


was many times smaller than that. of the 


“late response.” 

The strength and duration values of the 
stimulating current for threshold responses 
of a typical single fiber preparation are 
plotted in Figure 4. Along line AB lie the 
values of current strength and duration 
which just produce a “late response” con- 


sisting of a single action potential. Upon 


increasing the current strength a second 
(BD) 


appears in addition an “early response”’ con- 


threshold is reached at which there 
sisting of a single action potential. These 
responses are illustrated by the records of A 
in Figure 5. Along line BE lie the threshold 
values of current strength and duration for 
short electrical stimuli which produce an 


“early response” consisting of a single action 


"EARLY RESPONSE" 
LATENCIES 


“LATE RESPONSE" 


LATENCIES 
= 


LOGio STIMULATING 
CURRENT MILLIAMPERES 


LOGio SECONDS 
LATENCY OF THE ACTION POTENTIALS 
Fig. 3 (Lipetz). Latencies of the first eight action potentials of the discharge from a single active optic 


nerve fiber at various stimulating current strengths. The current was passed for 2.0 seconds through the 
whole Limulus eye, with the cathode at the cornea. X indicates the first and fifth action potentials; @, the 


second and sixth; O, the third and seventh; A, the fourth and eighth 


Note the very large change in 


latency of the first action potential, and the smaller changes of the other action potentials at the critical 


current strength of 1.1 ma 
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_o- THRESHOLD "EARLY RESPONSE’) 


Cc —* THRESHOLD LATE RESPONSE Fig. 4 (Lipetz) Threshold 


strength-duration curves for the 
two types of response to passage of 
electric current through the whole 
Limulus eye. The cornea was kept 
cathodal. Curve ABC represents the 
threshold for the “late response,” 
and has a rheobase (indicated by 
a short horizontal line at the right) 
of 0.6 ma., and a chronaxie (indi- 
cated by a filled circle) of 300 msec 
Curve EBD represents the thresh- 
old for the “early response,” and 
02 has a rheobase of 2.8 ma. and a 
chronaxie of 2.4 msec 


STIMULATING CURRENT-MILLIAMPERES 


-35 -30 -25 -20 -I5 -lO -O5 O5 LO 
LOG 10 STIMULUS DURATION- SECONDS 


potential. Upon increasing the current potential. These responses for short current 


strength a secondary threshold (BC) is durations are illustrated by records B in 
reached at which there appears in addition a Figure 5. 
“late response” consisting of a single action All responses described above were for 


Fig. 5 (Lipetz). Records of ac- 
tion potentials from a single active 
optic nerve fiber of the Limulus 
lateral eye in response to the pas- 
sage of cornea-negative current 
through the whole eye. The dura- 
tion of the current is indicated by 
the arrows above the records. The 
relative current strength used is 
indicated at the side of each record 
The two bottom records show the 
lack of response to just subliminal 
current. The two records second 
from the bottom show the threshold 
response to slightly stronger cur- 
rents: a long latency action po- 
tential, or “late response” for A, 
and a very short latency action 
potential, or “early response” for B 
The two records third from the 
bottom show the decrease in latency 
of these responses when the cur- 
rent strength is increased further. 
The top records show the appear- 
ance of both types of response when 
the current strength is made slightly 
stronger. The records of A were 
made from a different optic nerve 
fiber than those of B, but the two 
sets were typical of the responses 
of any one of the single fiber prepa 
rations. Time marks of 0.2 second 
are shown at the bottom of the B 
records Artefacts were removed 
from the records by retouching 


A B 
DURATION -_0.29 SEC ee. 
- 200 | - 600 
| -s00§ 
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electrical stimulation with the cornea made 
cathodal. When the cornea was made anodal, 


only the “early response” could be obtained 


during current flow. The threshold strength- 
duration curve for the “early response” with 
cornea anodal differed from that with cornea 
cathodal only in the slightly higher current 
threshold shown by most preparations. 


LV. Discussion 


The existence of two separate threshold 
strength-duration curves for the two differ- 
ent types of response (‘“‘early” and “late’’) to 
electrical stimulation of the whole Limulus 
that 
involved 


two 
The 


sponse” mechanism shows a higher rheobase 


lateral eye indicates separate 


mechanisms are “early re 
and a very much shorter chronaxie than does 
the “late response.’ The fact that the two 
strength-duration curves show no discontinu- 
ity where they intersect (point B in Figure 
that the 
essentially independently to produce the re- 


4) indicates two mechanisms act 
corded action potentials in the nerve fiber. 

The abrupt changes in response as the 
stimulating current strength was changed can 
now be explained as a change in which re- 
sponse mechanisms were being activated by 
the current. Thus, if at the current duration 
used, the current strength was above the 
threshold represented by line CBA but below 
that represented by line EBD, only the “late 
response’ mechanism was activated. If the 
current strength was above the threshold 
EBD but that 


represented by line CBA, only the “early re- 


represented by line below 
sponse” mechanism was activated. If the cur- 
rent strength was above the two thresholds, 
then both response mechanisms were acti- 
vated. 

If confusion is to be avoided, all work on 
electric stimulation of the Limulus lateral eye 
should specify which of these response 
mechanisms was activated by each stimulus. 
The previous work of Sten-Knudsen? was 
done under conditions which produced only 
“early responses.” However, the work of 


Hartline et al. was done with a wider variety 


of conditions and it is uncertain which re- 
sponse mechanisms were involved. 

Although, as stated above, the “early re- 
sponse” mechanism and the “late response” 
mechanism act essentially independently, 
there is some evidence of their interaction in 
the generation of nerve impulses in the optic 
nerve fiber. In Figure 3, the lines connecting 
the data points were drawn so that the wider 
time interval between the fourth and the fifth 
“late response” action potentials was main- 
tained above, as well as below, the critical 
current intensity. This assumes that the 
relative spacing of the “late response” action 
potentials was determined by the “late re- 
sponse” mechanism and was not affected by 
activity of the “early response’ mechanism. 
On this assumption, the curves of Figure 3 
can be interpreted to mean that when the 
“early response’”” mechanism became active, 
an additional action potential, of very short 
latency, was produced; and the latencies of 
all the “late response” action potentials were 
slightly increased. This effect of the “early 
response” mechanism on the absolute laten- 
cies of the “late response” action potentials 
is evidence of interaction of the two mecha- 
nisms. 

The existence of two response mechanisms 
implies that there are two different sites and 
structures in the Limulus lateral eye which 
are especially sensitive to the passage of elec- 
tric current through the eye. That these two 
response mechanisms can interact with the 
normal light-response mechanism of the eye 
has been shown by previous workers.*** 


Therefore, identification of the sites and 
mechanisms of these two electric responses 
would also give information on some of the 
structures and processes involved in the 
normal light response. Such an identification 
will be attempted in a later paper*® on the 
basis of the above results and additional ex- 


periments. 
V. SUMMARY 


An improved preparation of the Limulus 
lateral eye is described by means of which a 
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stimulating electric current may be passed 
through the whole eye The response consists 
of action potentials recorded from a single 
active fiber of the optic nerve. 

The responses to whole-eye electric stimu- 
lation were found to be produced by two 
distinct mechanisms, the “early” and the 
“late.” These response mechanisms differed 
in that: 

a. The action potentials of the “early re- 
sponse” had a much shorter latency than 
those of the “late response.” 

b. The threshold strength duration curve 
for the “early response” had a higher rheo- 
base and a much shorter chronaxie than did 
the curve for the “late response.” 

c. Both mechanisms could produce re- 


sponses during current flow when the cornea 
was cathodal, but only the “early response” 
mechanism could do so when the cornea was 
anodal. 

Although these response mechanisms were 


essentially independent, the “early” affected 


the latencies of nerve impulses produced by 
the “late.” 

Department of Ophthalmology (10) 
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DISCUSSION 


Dr. Werner K. Noett (Buffalo): The interest 
of the basic sciences in vision has recently been 
focussed more and more upon intracellular events 
and structural which generate excita- 
tion. Studies on the invertebrate eye have greatly 
contributed to the foundation upon which retinal 
electrophysiology We can rightfully ex- 
pect that the invertebrate eye will finally prove to 
be a decisive test for the basic problem of vision, as 
we see it today. 

I wish I were able to draw a structural analogy 
between the invertebrate and the vertebrate photo- 
receptors because this would probably best illustrate 
the fascinating scope of the problem and the ex- 
perimental advantage of the invertebrate eye. My 
difficulties are with the invertebrate eye in general 
and that of the horseshoe crab in particular. 

As I understand it, one ommatidium—which we 
may compare with one rod cell or group of them 
From each of these 
connect 


substrates 


is based 


consists of eight to 20 cells 
cells emerges a fine fiber which seems t 
with the next neuronal layer. Each of these cells 
the retinular cell—carries the equivalent of an outer 
limb, the so-called rhabdomere. 
Electronmicroscopic studies by Fernandez-Moran 
and by Wolken have shown that the fine structures 


of outer limb and rhabdomere are essentially identi 
cal. The curious fact, however, is that the fibers 
which emerge from the retinular cells are electri- 
cally inactive, at least they do not spike 
activity. The activity which one records from the 
fiber bundle of an ommatidium in response to illu- 
mination is that of only one fiber and this fiber is 
The soma 


have 


the axon of the so-called eccentric cell 
of the eccentric cell lies between retinular cells but 
it has a special distal process which runs in the 
axis of the ommatidium. 

In familiar terms, one may visualize the omma- 
tidium as an orange, the retinular 
segments of the orange and the axial region of the 
orange contains the outer limb equivalents and the 
peripheral process of the eccentric cell 

There have been discussions whether the eccentric 
cell is a ganglion cell or a receptor cell. I could not 
find evidence that it has a photoreceptor surface 
but I would like to compare its peripheral process 
with the inner limb of the vertebrate receptors 
where the primary events of vision are probably 
geared into an electrical process 

I wonder whether Dr. Lipetz could carry on from 
here and tell us upon which structure of the 
Limulus eye the electrical current might impose 


cells are the 
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the phenomena he analyzed. I, furthermore, would 
be curious to know the suggestions of an expert on 
the functional conversion between retinular cell and 
point where a 


vertebrate and Limulus 


eccentric cell because it is at this 
superficial analogy betwee 
receptors falls down 

To be specific Are retinular cells and eccentric 
variation of a receptor cell or are 
they the equivalents of a modified vertebrate pig- 
ment epithelial cell and receptor cell ? 

Dr. Leo E. Lirerz think the best 
thing to do would be to show a slide that I did not 


cells merely a 


(closing): | 


bring along for this lecture 

This 
ommatidium 
lens of 


shows something of the anatomy of the 
cornea. This is the 
structure that I am 


Here are the 


Here we have the 
the cornea. This whole 


outlining is the ommatidium cells 
an orange, and right 
through the center extends the distal process of the 


Here is the cell body, 


grouped as the segments of 
eccentric cell and here is its 
axon 

Dr. Noell’s that 
retinular cells correspond to pigment epithelial cells 
ng one, because we do know that 
pigmented and they are 
epithelial in origin. We know that in the vertebrate 
a layer of pigmented epithelial cells 
of electric voltages used 


discussion and his suggestion 


iS a very intrigu 


the retinular cells are 
eye there is 
which Serves aS one source 
in the this is 


process of reception, and we know 


ON 


true also in the cochlea of the vertebrate. It looks 
as if that may be true in the invertebrate eye as 
well. 

It may be that these retinular cells do correspond 
to the pigment epithelial cells. If such is the case, 
then we would expect to find a constant voltage, a 
resting potential, between the inside and outside of 
the layer of cells. This is something that has not 
been tested, but the question has now been raised 
and it can be tested. 

The function of the distal process is again open 
to question, but certainly it is a very specialized 
synaptic entity. There it is, next to the rhabdomere, 
the rhabdomere surrounding it. As Dr. Noell 
pointed out, the rhabdomere here corresponds to the 
outer limbs of the vertebrate retina. The distal 
process may simply be specialized to accept the elec- 
tric current from these outer structures so that the 
current can flow through and then perhaps out in 
the axon hillock region, back again to the retinu- 
lar cells, and so stimulate a sensitive portion of 
the membrane at the axon hillock. That may be 
the function of the distal processes. However, it 
may be that they have another function correspond- 
ing even more closely to that of the inner limbs, 
and this I simply cannot discuss. 

To say more about the Limulus eye right now 
would be pure speculation. I think | will leave that 
for another time. 


THE SOLUTION OF THE DIFFERENTIAL EQUATIONS 


PERTAINING TO AQUEOUS HUMOR DYNAMICS* 


S. I. Asxovitz, M.D. 
Philadelphia, Pennsylvania 


A number of papers have been published 


in the ophthalmologic literature in which 


the methods of differential equations were 
applied to the study of aqueous humor 
flow.'—> The original work of Kinsey and 
collaborators was of fundamental impor- 
tance in this field. The mechanisms of se- 
cretion, diffusion and ultrafiltration, and so 
forth, were subjected to mathematical anal- 
ysis, and experimental data on a variety of 
test substances were reported. It was shown 
that a comparison of steady-state levels 
alone does not suffice to identify the mech- 


*From the Department of Research, Wills Eye 
Hospital and the Ophthalmology Research Labora- 
tory, Albert Einstein Medical Center, Northern Di- 
vision. This work was supported in part by a re- 
search grant from the Weinstock Fund. 


anism of transfer of a substance from the 
blood plasma into the aqueous humor. 

Some years later, after a technique of 
withdrawing samples of aqueous humor di- 
rectly from the posterior chamber had been 
perfected by Kinsey, it became possible to 
analyze the results on ion transfer in great- 
er detail. It was concluded that a secretion 
hypothesis best fitted the data for sodium, 
while a diffusion explanation was prefera- 
ble for thiocyanate.* 

A further contribution toward our un- 
derstanding of the ocular circulatory dy- 
Friedenwald and 
compartment, 


namics was made by 
Becker.’ The 
representing a combination of crystalline 
lens, vitreous humor, and so forth, was 
given a more active role in the equations. 


“reservoir” 
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Formulas containing several exponential 
terms were used, and previously available 
experimental data were fitted graphically 
by the compound exponential type of equa- 
tion. This made it possible to include all of 
the recorded values in the analysis, where- 
as some portions of the observed data had 
previously not corresponded well with the 
results of simpler curve fitting. However, 
the assumption was still made that the 
concentration of the test substance in the 
circulating plasma remained constant, in 
order to simplify the theoretic details. 

Mathematical analyses quite similar to 
those applicable to the ocular circulation 
have occupied the attention of scientists in 
other fields for many years. Physiologists 
studying the cardiac output and general 
peripheral circulation®* have used a vari- 
ety of radioactive and other tracer sub- 
stances. Papers discussing the abstract 
mathematical and physical aspects of the 
resulting differential equations have also 
been published.*-™ 

It is the purpose of the present note to 
extend the previous work along the follow- 
ing lines. First, the differential equations 
can be solved under more general assump- 
tions than have previously been made. For 
example, equations will be set up for the 
case in which a substance injected into the 
circulating plasma disappears gradually, 
according to an exponential decay law, or 
where the level approaches a limiting value 
asymptotically. This would seem to rep- 
resent the facts better than to assume the 
maintenance of a fixed concentration. 

Secondly, it is possible without great dif- 
ficulty to enlarge the compartment system 
and to consider exchanges between more 
than three compartments. Four or more of 
circulating plasma, anterior chamber, cor- 
nea, posterior chamber, lens, and posterior 
reservoir may be included. 

Third, the graphic methods hitherto used 
in fitting single or multiple exponential 
curves are subject to the errors inherent in 
the customary fitting of straight lines on 
semilogarithmic charts. Instead, an exact 
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procedure can be substituted for the arbi- 
trary one now commonly used. By applica- 
tion of the principles of least squares, it is 
possible to obtain a unique solution for the 
equation of best fit, not subject to any in- 
dividual’s decision. The cumbersome cal- 
culations can generally be replaced by a 
graphic device recently described.” 
Before entering into the general discus- 


sion of multicompartment systems, it 
would be well to review briefly the simple 
two-chamber model from a mathematical 
point of view. Some of the experimental 
data on aqueous humor can be analyzed by 


means of these more basic concepts. 


CASE 1 


Let us assume that a substance is being 
transferred from Compartment Q to Com- 
partment RX. This may be thought of as tak- 
ing place across a biologic membrane M, or 
more directly, through some opening from 
one vessel to another (Fig. 1). Perhaps the 
simplest type of mathematical relationship 
would be the case in which the rate of 
transfer of the material, or the rate of in- 
crease of concentration of the substance in 
Compartment R, is directly proportional 
to the concentration of the substance in 
Compartment Q. For the present, it is as- 
sumed that none of the substance leaves 
Compartment R. If the concentration of 
the substance is held at a constant level in 
Compartment Q (either by continuous slow 
replacement, or by reason of the large size 
of Qin comparison withthe relatively small 


M 


R 


Fig. 1 (Askovitz). General two-compartment 
system, illustrating transfer from Chamber Q to 
Chamber R by flow (or secretion) on the left, 


and by diffusion across Membrane M on the right. 


5 


EQUATIONS PERTAINING TO 


outflow), then we may proceed to set up 
and solve the equations in a very direct 
manner. Capital letters will be used to rep- 
resent the concentration of the test sub- 
stance in the respective compartments. 
The subscript 0 will refer to the initial con- 
centration at time /=0, and the subscript 
«© to the ultimate limiting value (where 
this is applicable). 


dR 


Integrating, R:=cQod+k 
eplacing ¢ by zero (that is, substituting the initial 
values), 


R; Vol T Ro 


Therefore, 
CASE 2 
Now let us assume that the concentra- 
tion of the substance in Compartment Q is 
falling according to an exponential law: 
QO=Qoe 
This leads to a solution containing the 
same type of exponential term. 
dR 
dt 


= cUve at 


Integrating, 
a 


Replacing ¢ by zero, 


k= Ro+— Qo 
a 
Substituting this value of & into equation 
(5), we have 


Rot (6) 


a 


Alternatively, the constant of integration 
k may be evaluated by proceeding in equa- 
tion (5) to t= (that is, substituting the 
ultimate steady-state values): 


(7) 


It is possible to eliminate the initial value 
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Q» from the solution altogether by substi- 
tuting ¢=0 in equation (7) or t= in 
equation (6). In either case, we obtain 


Oo=Re—Ro 
a 


and therefore 


R.— Ri=(R.— Roe. (8’) 


CASE 3 
To assume that the concentration Q ex- 
ponentially approaches a nonzero limiting 
value Q, does not present any new diffi- 
culty. We may write 
Ve, 
with the resulting equation 


dR 


a 


By direct integration, 


(Qo—Q. +h. (10) 
a 


The constant of integration may be re- 
placed in terms of the initial value Ro, ob- 
taining 


R.= (11) 


(Qo—Q.) (1 —e™) + Ro. 
a 


There could be no limiting value R,,, since R 
becomes unbounded as ¢ increases. 

It may be noted that this solution in- 
cludes the previous results as special cases. 
If the limiting value Q,, equals zero, then 
(6). If, 
on the other hand, the exponent a is taken 


equation (11) reduces to equation 


to equal zero, Q would remain constant, 
and equation (11) would reduce to equa- 
tion (3) since 0. = Qo. 


CASE 4 

Thus far, it has been taken that there is 
a complete blockage to any outflow from 
Compartment R. If we now assume that 
there is again a constant source Q, but in 
addition a steady outflow from chamber R, 
represented by dR/dt= —fR, the resulting 
equation will contain an exponential term. 


(8) 
or 
|_| 
= 
a 
Substituting back into equation (5), 
R,=R, 
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The rate of fall represented by the con- 
stant term in the exponent will be the same 
as the coefficient of outflow from chamber 


dR 


=cO,—{R (12) 
dt 


Solving by the standard methods of dif- 
ferential equations, 


nm 


R; Ro+ Voll 


Qo) Vo, or (13) 


(13’) 
Substituting ‘=0,, the exponential terms 
vanish, and the steady-state ratio is ob- 
tained: 
(14 
Qe Qo 
where c and f are the original outflow coef- 
ficients. 
CASE 5 
If, however, the concentration of test 
material in Compartment Q is assumed to 
decrease exponentially toward zero, we are 
led to a result which includes two different 
exponential terms. The differential equa- 
tion is 


dR 
dt 


and the solution would be of the form 


(16) 


where m is a multiplier to be determined 
and k is an arbitrary constant depending 
upon the initial or boundary conditions. 


This becomes 


R.= (x 


In general, it would be expected that a, the 
coefficient of decay of the test substance in 
Q, would be smaller (that is, representing a 
slower rate) than f, the coefficient of out- 
flow from R, and therefore f—a has been 
written rather than a—f. 
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CASE 6 

Taking now the more general hypothesis 
of the concentration Q approaching a non- 
zero limiting value exponentially, with 
again an outflow from the second compart- 
ment proportional to the concentration R, 
we have 

dR 


= (Vo 


dt 


Qu)e 


This leads to the integrated form 


ke (19 


where m and n are uniquely determined 
constants and k depends upon the initial 
values. The complete solution is: 


R,= [ ‘ ] e 
f 


c(Qo—V-) 
4 € + 


at 


f—a 


c(Qo—Q.) 


R, = Ree 


0. 


(20’) 

This result includes equation (13’) if a is 
taken to be zero (then also Q0..=Qo), and 
equation (17’) if Q,. equals zero. It may be 
noted that even under the more general as- 
sumptions underlying the solution in equa- 
tion (20’), we can still infer concerning the 
steady-state ratio that R,/Q.=c/f, as in 
equation (14) of Case 4. 

Thus far, it has been assumed that the 
rate of transfer is not influenced by the 
amount of the 
chamber. This corresponds mathematical- 


the substance in second 
ly to a hypothesis of either flow or secre- 
tion, and may suffice to explain a variety of 
observed data. However, for substances 
which do not follow this simpler type of 
transfer pattern, the next step in order of 
increasing complexity is to add a term rep- 
resenting the effect of the concentration in 
the second chamber. This is mathematical- 
ly equivalent to an assumption of a diffu- 
ston mechanism. 

Again, we may consider a number of 


R, = 
20 
or 
(15) 
R, = he! 
evt+ or (17) 
a a 
cVo me 
R, = Roe? (17°) 
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cases, assuming either a constant concen- 
tration in Q or an exponential drop toward 
zero, OF an asy mptomatic approach to a 
non-zero limiting value, and with or with- 
out continuous outflow from R. In most bi- 
ologic instances, a proportional transfer 
out of chamber R would be applicable. 
However, it may be worth while to work 
through the examples with blocked out- 
flow as a preliminary step. 


CASE 7 
Diffusion out of a chamber with concen- 
tration level held constant in the first com- 


partment: 
The equation 


dR 


= b(Qo— R)=bQo—bR (21) 


al 
has the same form as equation (12) of Case 
4, if we replace c by 6 and f by 8b. The solu- 
tion is therefore 


(22) 


with a steady-state ratio of unity (c/f=)/b 
=1). 


CASE 8 

Transfer by diffusion, with the amount 
of test material in the first chamber falling 
exponentially: Here the equation is 


dR 


—=h R; 
dt 


—bR, (23’) 
which corresponds to equation (15) of Case 
5. The solution may, therefore, be obtained 
by substituting 6 for c and f in equation 
(17’): 


CASE 9 

Transfer by diffusion with concentration 
in first compartment falling exponentially, 
but to a nonzero limit Q,,: The differential 


equation is 
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b(0.—R 
= * 
7 Or ‘ 


(25) 


+60. —bRi, 


exactly analagous to equation (18), again 
with ¢ and f both to be replaced by 6b. 
Hence the solution may be copied from 


equation (20’): 


a(Qo- 
b—a 


(26) 
The steady-state ratio, as under Case 7, 
will equal one. 

It may be of interest to point out from 
the results of the last three cases, that as 
far as the mathematical aspects are con- 
cerned, the hypothesis of diffusion from a 
large reservoir compartment into a cham- 
ber with blocked outflow, leads to the same 
concentration curves as the assumption of 
proportional outflow from the second cham- 
ber, with entry from the reservoir com- 
partment by flow or secretion. 

Now, superimposing the more physio- 
logic condition of continuous outflow upon 
the assumption of entry by diffusion, we 
are led to consider three further cases. 


CAsE 10 

Transfer from first to second compart- 
ment by diffusion, and proportional out- 
flow from second chamber; concentration 
in first chamber held constant (fig. 2A). 


11 


Transfer from first to second compart- 
ment by diffusion, and proportional out- 
flow from second chamber; concentration 
in first chamber dropping exponentially to 
zero (fig. 2B). 


12 

Transfer from first to second compart- 
ment by diffusion, and proportional out- 
flow from second chamber; concentration 
in first chamber decreasing exponentially 
toward a non-zero limiting value (fig. 2C). 

More generally, let us assume that the 
material in question is being transferred 
from the first compartment to the second 


129 
dR 
Rot+Qo(1—e*! = 
= 
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b(Q, - R) = - (> + g)R. 


=(beg)t 


* Yor 


b 
beg 


- (b + g)R. 
-(beg)t b( - _ 


t -(beg)t a. ~(beg)t, 


2 (Askovitz) 
outflow 


Equations describing 


tional from 


exponentially to zero. (( 


by way of several membranes or channels, 
including both flow or secretion and diffu- 
sion mechanisms. Setting down these con- 
ditions mathematically leads to new equa- 
tions which are no more complex than the 


ones already solv ed above. 


CASE 13 


Transfer by flow or secretion and diffu- 
sion, with proportional outflow from sec- 
ond compartment; ‘‘source”’ (that is, con- 
centration in the first chamber) held con- 
stant (fig. 3A). 


Case 14 


Transfer by flow or secretion and diffu- 
sion, with proportional outflow from sec- 
ond “source” 


compartment: falling ex- 


ponentially to zero (fig. 3B). 


R. (A) Concentration in Q considered constant 
Concentration in Q varying asym] 


transfer from QO to R by diffusion, with continuous propor 


(B) 
tomatically 


Concentration in Q falling 


toward limiting 


Case 15 


Transfer by flow or secretion and diffu- 
sion, with proportional outflow from sec- 
ond “source” 


compartment; approaching 


exponentially toward a nonzero limiting 
value (fig. 3C). 

The two-compartment analysis present- 
ed in detail above may be quite adequate 
for studying posterior chamber aqueous 
humor levels, but for some ions normally 
present in the circulating fluids, discrepan- 
cies arose which could not be readily ex- 
plained. The introduction of a three-com- 
partment system led to better reconcile- 
ment between observed figures and hypo- 
thetically predicted values. 

However, problems still remained in the 
interpretation of accumulated data on bi- 
carbonate transfer, with the graphs con- 
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+ b(Q-1r) - gRe (b+ h)Q, (b+ g)R. 


+ (beh )Q, 
beg-a 


e~(b+g)t) 


Case 15. 


- (beh)(Q-Q) 


+e 


beh 
beg r 


(beh 
beg 


Ry) eR. (beh) (Q, - + (beh - (beg)R 


-(beg)t (b+h) (Q, _ beh 


beg—a beg 


Q,, (2 = 


Fig. 3 (Askovitz). Equations of 


continuous pt 


taining too many inflections to be well fit- 
ted even by a double or triple exponential 
system. It was, therefore, decided to at- 
tempt to extend the type of analysis al- 
ready published so as to make the equa- 
tions more flexible. 

By minimizing special subscripts and 
Greek letters, and by discussing the essen- 
tial intermediate steps, it is hoped that the 
results may be of some value to other in- 
vestigators in this field. 

We may consider the following separate 
compartments: circulating plasma, cornea, 
aqueous humor of the anterior chamber, 
aqueous humor of the posterior chamber, 
crystalline lens, and vitreous humor. The 
most general solution would permit any 
combination of secretion, diffusion, and 
outflow amongst all pairs of compartments. 


portional outflow from R 


transfer from Q to R by both flow (or secretion) and diffusion, with 


(A) to (C) as in Figure 2 


For many substances, however, a number 
of simplifying assumptions may be utilized, 
in order to keep the equations within work- 
able proportions. Thus, for some of the 
aqueous humor constituents, the lens and 
vitreous be considered as an inert 
body and omitted from the equations. 

To illustrate the mathematical tech- 


nique, let us take an example of a four- 


may 


compartment system including G, the gen- 
eral circulating plasma, A, the anterior 
chamber, P, the posterior chamber, and R, 
the “reservoir” representing lens and vit- 
reous, and so forth (fig. 4). Under quite 
general assumptions, the equations may be 
reduced to a standard form (fig. 5). 
Instead of proceeding to differentiate 
these equations in order to eliminate the 
unknown quantities one by one, it would 


131 
(A=4) 
R, (R. Deh 
(A-5) 
(A-6) 
Case 14, dR 
Deg 
(0-8) 
Q 
:- oo 


S. I. ASKOVITZ 


Fig. 4 ( Askovitz). Multicompartment system ap- 
plicable to the eye: (G) General circulating plasma. 
(K) Cornea. (A) Anterior chamber aqueous hu- 
mor. (P) Posterior chamber aqueous humor. (L) 
Crystalline lens. (R) Posterior reservoir of vitre- 
ous humor, and so forth. Heavier straight arrows 
indicate direct flow or secretion; curved arrows, 
transfer by diffusion; smaller straight arrow, out- 
flow. Numerous other arrangements are possible, 
including active participation by cornea and lens. 


seem preferable to apply the standard re- 
sults which are available in textbooks on 
differential equations.” 

For a system of simultaneous linear dif- 
ferential equations of the first order, it is 
known that the solutions consist of sums of 
several exponential terms. The problem is 
thus reduced to the determination of the 
unknown exponents and then the coeffi- 
cients. For numerical data, this is perhaps 
best accomplished by means of determi- 
nants. 

The resulting equations are now being 
applied to a variety of experimental data 
to determine whether any new information 
on aqueous humor dynamics may thereby 
be obtained. 

As far as fitting exponential equations to 
tabulated data, the following method"? is 
recommended by mathematical analysts. 
Let us take a series of experimental values, 
Vo. Vi» Vay Var * * * Vay * * » assumed 
to represent the level of some test substance 
at equally spaced time intervals, and let us 
attempt to fit the best double exponential 
curve 


y= (27) 


where the error term E(t) is included to 


Treasfor tions: 


Circulating Concentration: 


borm of Solution: 


(D-10) 


Fig. 5 (Askovitz). The equations of transfer for 
the system illustrated in Figure 4, indicating the 
general form of the solution to the differential 
equations 


represent the deviations of observed from 
calculated values. 

The exact equation u = pe* has the prop- 
erty that for equal spacing of the time val- 
ues /, the successive u-values will maintain 
a constant ratio to each other: 

= pert) = = A tin. (28) 
A similar statement applies to v =ge"': 


Png = Gert) = gerte? = ery, = Bop (29) 


but the ratio will not be the same. How- 
ever, we may combine the two into a single 


finite difference equation valid for the sum 


w=u-+v: 

= tinge — A tings — — A tin) 
Bonsi— A — Bo,) =0. 


(30) 


For experimental data, such a relation- 
ship, that is, 


£Yn41—HYn, (31) 


would hardly be expected to be valid for 
the entire series of observed numbers. 
However, we may write down these equa- 
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tions, and obtain the uniquely determined 
best set of values for the unknown con- 
stants g and h by least squares calculations. 
This leads directly to A and B, and hence 
toa and Having found the exponents, we 
may apply a similar least squares proce- 
dure to work out the coefficients p and g for 
the curve of best fit of the form given in 
equation (27). 


SUMMARY 


The mathematical analysis of aqueous 
humor dynamics by differential equations 
has been discussed with several points in 
mind. 

1. The concentration of test substance 
in the plasma may be taken to vary ac- 
cording to an exponential pattern. This 
would seem to be preferable for studying 
data following a single injection of a for- 
eign test substance, rather than to make 
the assumption that the concentration in 
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the circulation remains constant. 

2. The differential equations can be ex- 
tended to include a lens and/or cornea 
compartment, and to allow for transfer by 


flow or secretion or diffusion between ev- 


ery possible pair of compartments. 
3. The fitting of numerical equations to 
experimentally obtained data can be done 


by an exact least squares process, not sub- 
ject to the errors which may enter into the 
graphic methods previously used. 

The application of these refinements to 
the published data of other investigators, 
and to results recently obtained on aque- 
ous humor bicarbonate levels, is now in 
progress. 

4900 North Ninth Street (41). 
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List OF PRINCIPAL SYMBOLS USED IN EQUATIONS (1) To (26) AND (A-1) To (C-8) 


Q = Concentration of test substance in 


“source” compartment Q 


R = Concentration of test substance in second compartment R 


R. = Initial concentrations 


R. = Final steady-state or equilibrium concentrations 
a= Percentage rate of decay per unit time of the concentration of the test substance in compart- 


ment VU 


b = Coefficient of diffusion between chambers Q and R, given as the percentage of excess concen- 


tration in U 


over R which is transferred from Q into R per unit time. 


c, h = Coefficient of flow or secretion out of compartment Q, expressed as percentage of substance 


in QO transferred out per unit time. 


Coefficient of outflow from chamber R, as percentage of substance in R transferred out per 


umit time 
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DISCUSSION 


Dr. V. Everett Kinsey (Detroit): Dr. Asko 
vitz is to be congratulated for his clear presenta 
tion of the fundamental problems involved in the 
mathematical treatment of data concerning intraocu- 
lar fluid dynamics 

Since I am not 
the privilege of 
than a few minutes at luncl 
my remarks to two items of 


a mathematician nor have I had 
these equations for more 
time, I will confine 


general biologic inter- 


seeing 


est 

As Dr. Askovitz has mentioned, there are several 
difficulties involved in attempting to obtain quanti- 
tative results with transfer of 
substances from the blood to the aqueous humors. 
The experimenters ordinarily have two choices. One 
is to inject a test 


regard to rate of 


substance or an isotope intra 
peritoneally or intramuscularly, in which case the 
concentration in the plasma rises to a maximum 
over the period of about 20 to 30 minutes. However, 
as Dr. Askovitz points out, this increasing plasma 
concentration cannot be entirely ignored with regard 
to determining 
into the aqueous humor, 


gets 


substance 
either posterior or anterior 


how fast the test 


The second choice is to inject it intravenously, in 
which case very high concen- 
tration in the plasma and a subsequent decrease 
The concentration reaches a plateau which may be 
flat over a considerable period of time depending 
on the test substances one is dealing with 


there is initially a 


The varying concentration, too, introduces con- 
siderable complications in trying to calculate the 
coefficients of transfer of the plasma to the aqueous 
humor. Dr. Grant and I faced this problem as long 
ago as 1942, and wrote a differential equation. which 
described the rate of entrance of the test substance 
from the peritoneum into the blood. This differential 
equation then had to be introduced into the general 
formulations of our hypotheses as to how the sub- 
stance went from the plasma to the aqueous humor. 

As Dr. Askovitz also indicated, the subsequent 
solution of the equations is both cumbersome and 


tedious, and when one is finished there still remains 
uncertainties, one of which is trying 


paper which best 


a number of 
to draw a curve on logarithm 
fits the experimental data. 

The second point concerns the use of the method 
of least squares to avoid bias of fitting logarithmic 
ly used for curve 
that is 


unrestricted 


This method is common 
Askovitz 
mathematically correct. However, its 
use may lead to another kind of bias 


curves 
fitting and as Dr said is one 
For instance, 
and this is not uncommon with biologic data, the 
majority of the experimental data fall close to a 
line but several points fall far off the line, the 
method of using least squares will properly 
the effect of both However, 
this is no guarantee that the line so drawn may not 


take 
into account points 
represent the biologic phenomena being studied less 
well than majority of 
the points, 


a curve drawn through the 
for experimentally 
may have been responsible for the wide deviations 


induced variations 
of the data. 

I am looking forward to seeing the application of 
Asko 


intraocular 


the mathematical treatment described by Dr 
vitz to various experimental data on 
fluid dynamics 

Dr. Maurice (London): I, too, would like t 
congratulate Dr. Askovitz on the clarity of his ex 
position. I am afraid he has made it rather too 
simple, because on the diagram on the board there 
is no mention of exchange between the posterior 
chamber and the vitreous 

The resulting analysis that I have done recently 
also comes from Friedenwald and Becker’s analysis, 
that the difference between the posterior chamber 
and the vitreous is greater in the first hour than 
the change in the vitreous and aqueous humor. For 
tunately this exchange follow the first 
equation but follows the second one. I am afraid 
it is going to make the analysis far more difficult 
than Dr. Askovitz thinks 

(Slide) I approached this problem from a differ- 


does not 


1956. 
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assumed the change of concentra 
tion in the posterior cl the results of 
Kinsey and Palm, and worked out from that the 
rate of movement from vitreous humor in this case 
to the anterior chamber, and the rate of accumula 
tion in the posterior chamber : 


ent aspect, as I 


ambe r ir 


itself 
Up this way is 
the 


Down here is the time in hours 
the 
change of the eye 

Curve C 


rate of accumulation of sodium. Here is 


is the greater increase in concentration 


posterior chamber. It 


the 


of sodium in the is also the 


rate at which sodium moves from posterior 


chamber by flow to the anterior chamber. 


A is the rate of ulation of sodium in 
the posterior chamber itse 

The 
is potentiaily 
lated to be the rate of mover rt 


the plasma into the poster 


Curve 


} 


curve D, whicl 


sum of these three cur S ich 


a straight urve E is calcu 


sodium from 

hamber, 
lenwald and Becker 
D corresponds to the terminal 
It should be the same 
the 


assuming 
the flow rate calculated by Frie: 
Curve movement 
from the posterior chamber 
You 
same 

This treatment 
the 

from 


see by calculation the ire more or less 


nowledge of concen 


and it can be 


requires 
posterior cl 


the rate 


tration in 
worked out 
tration 
very difficult problem 

Dr. LANGHAM (London) 
question | 
that is whether the solution w 
complicated if one assumes that R 
he chamber 
the blood 
there is con- 
the 
throughout the 


of concen- 


alone. I wish Dr. Askovitz luck. It is a 


‘here is just one 

A skovitz, 
uld be much 
on 


should like to and 
more 
the second 
equation is not equal through 


In all 


aqueous barrier we 


our kinetics of penetration of 


have tio a ume 
the su mes across 


stant mixing; as 


barrier we get an even distribution 
aqueous humor, but in point 
tes the barrier rapidly it 


fact when we have 
a substance wl ich penetr 
will be the time of the mixing 
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I wonder whether Dr. Askovitz would comment 
on this. 

Dr. SaMuet I. Askovirz (closing) : I would like 
to thank all the discussers for their comments. 

In answer to the questions that were asked, as 
far as an interchange between vitreous and other 
chambers is concerned, all that this requires is just 
adding a few more on the diagram (fig. 4). 
The equations are so set up that interchange may be 
possible pair of cham- 


lines 


considered between every 
bers 

I wrote down on the diagram on the blackboard 
those transfers that seemed more important for 
actual test substances, but the equations themselves 
are no more or less complicated by considering the 
interchange of test substances between every possi- 
ble pair of compartments 

As far as second order differential equations are 
concerned, yes, the problems would be more com- 
plicated. However, the type of curve shown on the 
slide, I believe, can be fitted by a sum of first-order 
exponential terms. This has been done for some of 
the other available experimental data. 

In answer to the question concerning even mixing 
in a compartment, that is a problem which con- 
fronts the cardiac physiologist to quite an extent. 
As a first approximation, it has been assumed that 
complete mixing takes place instantaneously. 
Another way of looking at the equations is to say 
that each letter represents the average concentra- 
tion throughout the compartment, even though it is 
realized that the concentration just at the point of 
material from the posterior to the 
anterior chamber, for example, may be higher than 


entry of the 
elsewhere in the chamber 

either consider the average concentration 
or assume that instantaneous mixing does take 
It would considerably complicate the equa- 


So, we 


place 
tions to permit a variable concentration throughout 
the chamber and to make use of that variable con- 
centration in the analysis 


ELECTROMYOGRAPHY OF EXTRAOCULAR MUSCLES 
IN FUSIONAL MOVEMENTS* 


I. ELectrRIc PHENOMENA AT THE BREAKPOINT OF 


C. 


M.D., AND MaurIc! 


FUSION 


W. Van ALLEN, M.D. 


Towa City, lowa 


Fusional movements have been studied ex- 


tensively since 1900 when Hofmann and 


Bielschowsky' published their classic paper. 
They spoke of fusional movements as medi- 
ated through psycho-optical reflexes which 
depend upon the attention of the examinee 
but cannot voluntarily be initiated nor 
stopped except for convergence which has a 
voluntary component. An efficient and com- 
plex motor and sensory apparatus is obvi- 
ously necessary for the adequate and smooth 
execution of these movements. 

Artificially induced fusional movements 
are an expression of binocular adaptation. 
They can most accurately be produced and 
measured by a haploscope such as that in- 
troduced by Hering. Prisms are most com- 
monly used to elicit and evaluate such move- 
ments. Of cardinal importance is the final 
breakpoint at which the stimulus to fuse is 
finally overcome by the increasing disparity 
of the retinal images. The measurement of 
the breakpoint in degrees or prism-diopters 
has become a routine office procedure and its 
importance is unchallenged. Fregnan* has 
recently summarized our knowledge and 
theory on this point. 

Little work on the other hand has been 
done to elucidate the neuromuscular mecha- 
nisms which underlie the physiologic changes 
at the breakpoint. The that 
exists on the question of an active versus a 


controversy 


passive divergence could be extended to the 
fusional movements. The sudden break after 
an induced maximal convergence could be 
postulated to be passive and due to a sudden 
relaxation of the internal rectus muscle or it 


* From the Ophthalmologic and Neurologic Serv- 
ices of the Veterans Administration Hospital, Iowa 
City, lowa. 


could be due to an active contraction of the 
external rectus muscle. A similar, but re- 
verse, mechanism could also explain the 
sudden break after an artificially induced 
maximal divergence. Up to the present time 
all explanations of this mechanism remained 
mere theoretical speculations. It seemed rea- 
sonable to assume that electromyographic 
studies of the involved muscles might clarify 
this problem. 

Muscle action potentials on congergence 
have already been studied by Breinin and 
Moldaver.* They found an increased activity 
of the internal rectus muscle until just prior 
to the break. Immediately before the break 
the electrical activity of the external rectus 
muscle dropped to zero. The breakpoint, 
however, was not further investigated and no 
other electromyographic studies on this sub- 


ject have come to our attention. 


METHOD 


that of 
needle 


method followed closely 


and Moldaver.* 


electrodes were used. They were prepared 


Our 
sreinin Concentric 
with enamelled No. 40 copper wire fixed in 
the lumen of a No. 27 gauge hypodermic 
needle. The muscle action potentials were 
amplified through a Grass P4A 4-stage ca- 
pacity coupled preamplifier. Two channels 
were used to permit simultaneous observa 
tion of two muscle potentials on a DuMont 
322-A dual-beam oscilloscope. The traces 
were photographed on moving paper with 
the Grass C4D Kymograph camera. 

The needles were inserted directly into the 
extraocular muscle after the instillation of 
a few drops of 0.5-percent pontocain. No 
effects of needle insertion 


harmful were 


noted. 
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Fig. 1 (Blodi and Van Allen). The haploscope in 


the shielded room. The sig he patient lies on 


the chin rest. 


The examinations were done on volunteers 
who had good vision (without glasses) in 
both eyes and who had excellent fusional 
amplitudes with a definite breakpoint. Ten 
different and independent runs were made 
on seven subjects. 

Fusional movements were elicited with a 
Dr. 
H. M. Burian. The haploscope was mounted 


haploscope put at our disposition by 


on a table in the shielded room (fig. 1) and 
adjusted to the patient. Either arm or both 
arms together were moved. When the ac- 
tivity of only one muscle was recorded the 
second channel was used for a signal given 
by the patient pressing a button to indicate 
diplopia or fusion. This signal interrupted 
the 60-cycle sine wave used as an indicator 
of the speed of paper movement. The prism 
tests were done while the patient was fixing 


at near or at distance. 


RESULTS 


1. CONVERGENCE ON THE HAPLOSCOPE 


A. The external rectus muscle shows a 
slow decrease in its action potentials from 
looking straight ahead until maximal con- 
vergence has been reached. There is at the 
same time an apparent decrease in frquency 
(fig. 2). When the 
breakpoint is being approached the tracing 


of motor unit activity 


becomes somewhat irregular due to move- 
ments of the eyeball. In a few subjects these 
movements are so marked that the beam of 


250 mm/sec 


0.5 sec 

Fig. 2 (Blodi and Van Allen). The upper tracing 
represents the electrical potential of the external 
rectus muscle at the breakpoint. The lower tracing 
represents the muscle when looking straight ahead. 


the oscilloscope shifted off the face of the 
tube (fig. 3). 

When the breakpoint is reached the elec- 
trical activity of the external rectus muscle 
picks up suddenly and vehemently (fig. 4). 
3efore the breakpoint is reached the average 
potential of motor unit activity of the ex- 
ternal rectus muscle decreases usually to less 
than 100 pV. At the breakpoint this poten- 
tial increases by a factor which is never less 
than 2.2 and may be as high as 26. The aver- 
age the 


measurement of the potentials in 12 inde- 


value of this factor based on 


100 mm/sec 


100 pv 


l sec 


Fig. 3 (Blodi and Van Allen). The lateral rectus 
muscle at the breakpoint. The patient’s signal in- 
dicating diplopia interrupts the sine curve. 
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250 mm/sec 100 pv 


rrr 


600 


Fig. 4 (Blodi and Van Allen). The lateral rectus 
muscle at the breakpoint with some large motor 
units, 


pendent runs was 6.2. The absolute values 
mean here very little as they depend so much 
on needle placement. The frequency of motor 
unit activity increases at the breakpoint and 
the signal given by the patient when he first 
the 
phenomena, the lag being due to the reaction 


sees double usually follows electric 
time of the individual. The movement of the 
eye when convergence is decreased and the 
patient fuses again is associated with a shift 
of the tracing but with no change in the 
electric potentials (fig. 5). 

The changes at the breakpoint are quite 
similar whether the convergence is symmetri- 
cal or whether only the tested eye moves. If 
the tested eye does not move because of 
asymmetric convergence of the other eye 
usually no change in the potentials can be 
discerned (fig. 6). In one instance, however, 
there appeared to be a slight increase (from 
60 to 80 wV) in the activity of the external 


250 mm/sec 100 yw 


=> 
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mm/sec 
100 pv 


sec 


Fig. 6 (Blodi and Van Allen). Upper tracing: no 
change in potential of the external rectus in asym- 
when the does not 


metric tested eye 


external rectus potential in 


convergence 
Lower tracing 
normal convergence. 


move 


rectus muscle at the breakpoint even when 
only the arm in front of the not-tested eye 
was moved (fig. 7). 

B. The internal rectus muscle shows on 
convergence an increase in electric potentials 
and an increase in frequency. Here again as 
the breakpoint is approached a few nystag- 
moid movements become manifest. The near- 
point of convergence and the breakpoint it- 
self are characterized by a sudden decrease 
of the potentials and the frequency of the 
motor units (fig. 8A). These potentials de- 
crease by a factor of at least two and aver- 
aged in six independent runs 4.2. No change 
in the electric activity could be detected in 
asymmetric convergence when only the non- 
tested eye moved (fig. 8B). 

C. When both horizontal muscles of one 
eye are tested the changes at the breakpoint 
occur simultaneously (fig. 9). In one in- 


250 mm/sec 


_ 0.5 sec 


0.5 sec 


Fig. 5 (Blodi and Van Allen) Shift of the en- 
tire tracing of the external rectus potential with 
movement of redress 


Fig. 7 (Blodi and Van Allen). Slight increase in 
the potential of the external rectus in asymmetric 


convergence when the tested eye does not move. 


me 
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100 mm/sec 


100 pv 


Fig. 8A (Blodi and Van llen The 
ing is from the internal re 
uhead. The 


the internal rectus muscle 


upper trac 
nuscle with the eye 


tracing is from 
he bre akpoint of con 


looking straight lower 


vergence 


stance we had the impression that the de 
creased activity of the internal and the in 
creased activity of the external.rectus muscle 
preceded the actual breakpoint by less than 
0.2 seconds (fig. 10). This change in activity 
was a gradual one which led into the abrupt 
change at the breakpoint. 

2. DIVERGENCE ON 


THE HAPLOSCOPE 


Divergence up to 10 prism diopters did 


not produce any appreciable change in the 


250 mm/sec 
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100 mm/sec 100 pv 


0.75 sec 


and Van Allen). Simultaneous 
horizontal muscles at the break- 
The upper tracing is from 
from the internal 


Fig. 9 
tracing of 
point of 
the external, the lower tracing 


{ Bl di 
both 
convergence 


rectus muscle 


activity of the external rectus muscle (fig. 
11). The movements of the eye at the break- 
point were nevertheless recognizable because 
of the shift in the entire tracing. The same 
held true for the internal rectus muscle (fig. 
12) in which the electric potential did not 
change during divergence or at the break- 
point. 


? 


3. FUSIONAL MOVEMENTS WITH PRISMS 


Generally speaking the electrical responses 
associated with convergence and divergence 
when elicited with rotating prisms resemble 
those produced by the haploscope. The ex- 


100 pv 


1 sec 


Fig 8B (Blodi and Van Allen) 


The potential of the internal rectus muscle in asymmetric convergence 


when the tested eye does not move. 
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100 mm/sec 100 pv 


\ af 


Fig. 10 (Blodi and Van Allen). Changes in the 
potential of the internal rectus (upper tracing) and 
the external rectus (lower tracing) just preceding 
the breakpoint of convergence 


cursion of the prism has to be of a consider- 
able magnitude before an electric change is 
appreciated. A base-out prism of 10 diop- 
ters, for example, did not produce any 
change in potentials (fig. 13). This held also 


250 mm/sec 
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250 mm/sec 


0.5 Sec 
Fig. 12 (Blodi and Van Allen) 
the internal rectus muscle at the breakpoint of di 


The potential of 


vergence 
for base-in prisms as would be expected 
from our experience on the haploscope (fig. 


14). 
DISCUSSION 


The most important finding of our experi- 
ment is the fact that an active contraction of 
the at the 


breakpoint of convergence. This is associated 


external rectus muscle occurs 


with a simultaneous relaxation of the in 
ternal rectus muscle. These processes go on 
regardless of the mode by which the ver- 
gence is obtained. Most of our experiments 
were done on the haploscope, but identical 
results were found with rotating prisms and 
with convergence beyond the near-point. 
This phenomenon is open to theoretic inter- 
pretations. 

The fact that an active innervation of the 


lateral rectus muscles occurs at the break 


100 pv 


lsec 


Fig. 11 (Blodi and Van Allen). The potential of the external rectus muscle as the breakpoint of divergence 
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100 mm/sec 100 pv 


l sec 


Van Allen) 
bre akpx int of 


The external 
convergence 


Fig. 13 (Blodi and 
rectus muscle at the 
with a 10-diopter base-out prism 


point could be another proof for an active 
divergence mechanism. It certainly speaks 
against a mere cessation of the activity of 
the internal rectus muscles with passive re- 
turn to a “position of rest’’ when the fusional 
amplitude for convergence has been ex- 
hausted. 

Most attractive to us seems the theory that 
the eye is normally in a delicate and well- 
regulated equilibrium as far as the innerva- 
tion of both horizontal muscles is concerned. 
We could assume that the sum total of inner- 
vation transmitted to the horizontal agonist 
and the antagonist remains the same regard- 
less of the position of the eye, guaranteeing 
a perfectly balanced movement at all times. 

An increased electrical activity will occur 
in the external rectus muscle whenever the 


250 mm/sec 100 pv 


— Q.5 sec 


(Blodi and Van Allen). The external 
at the breakpoint with a six-diopter 


Fig. 14 
rectus muscle 
base-in prism. 


The lateral rectus 
medial rectus (upper 
convergence in a 


Fig. 15 (Blodi and Van Allen) 
(lower tracing) and the 
tracing) at the breakpoint of 
patient with intermittent exotropia. 


activity of the internal rectus muscle de- 
creases and such a reciprocal activity be- 
tween the two horizontal muscles has been 
demonstrated for versions*® and for the opto- 
kinetic nystagmus.° The behavior of the 
internal rectus muscle is indeed absolutely 
complementary and the changes in its electri- 
cal activity occur simultaneously with the 
changes in the external rectus muscle. In no 
case, not even in a patient with intermittent 
exotropia, could we find an increased activity 
of the lateral rectus muscle before the inhi- 
bition of the internal rectus at the breakpoint 
occurred (fig. 16). This is in contrast to the 
findings of other authors.** 

It could be assumed that the stretch reflex 
postulated by Breinin* would suddenly lead 
to an increased activity of the external rectus 
muscle and account for the break. Breinin 
assumed the presence of such a reflex on the 
basis of two findings. One was the disap- 
pearance of all electrical activity when dur- 
ing an enucleation the muscle was severed 
and allowed to retract into the orbit. Electric 


100 mm/sec 100 pv 


1.5 sec -- 


Fig. 16 (Blodi and Van Allen). The external 
rectus muscle when convergence is interrupted on 
command. 
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activity could be again elicited by stretching 
the muscle. The second finding was the aug 
mentation of electrical activity in a few pare 
tic muscles when the eye was moved out of 
their field of action. 

This stretch reflex may play a role here 
(as contrasted with versions) because both 
external rectus muscles are stretched and the 
effect may be additive. The fact that fusional 
convergence may be increased with exercises 
would speak against this theory. In addition, 
exactly the same tracings can be obtained 
when convergence is interrupted on com- 
mand (fig. 15). This voluntary break can 
certainly not be caused by a proprioceptive 
mechanism. 

The breakpoint after a fusional divergence 
movement did not lead to any change in the 
electric pattern of either horizontal muscle 
detectable by our method. The small diver- 
gence amplitudes do not carry the eye be 
yond the range in which a decrease or 
increase in electric activity can be measured 


at the present time. 


BLODI AND MAURICE W. VAN ALLEN 


SUMMARY 

1. At the breakpoint of convergence the 
electrical activity of the external rectus mus 
cle increases suddenly while the electrical 
potential of the internal rectus muscle de 
creases. This occurs regardless of the mode 
by which convergence is elicited (haplo 
scope, prisms, near vision). 

2. There is no change in the electrical 
potentials of the horizontal muscles when 
during asymmetric convergence the tested 
eye does not move. 

3. The breakpoint of divergence did not 
produce any change in the electrical activity 
of the tested muscles under the conditions of 
our experiment. 

4. The theory is presented that the sum 
total of innervation to the two horizontal 
muscles has to remain the same regardless of 
the position of the eye. 


University Hospitals 
We wish to express our appreciation to Dr. H 
M. Burian for his guidance Without 


his help this work could never have been done 


and criticism 
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DiIscUSSION 


It is a pleasure to 
discuss this paper by Dr. Blodi and Dr. Van 
Allen because it is an important contribution to an 


Dr. Goopwin M. 


important topic. 

Just to set the historical record straight, I think 
in the original publication on this subject several 
years ago we described the divergence mechanism 
with a clear-cut description of the breakpoint, the 
divergence activity, and so on 

However, the observations which Dr. Blodi re- 
ports are essentially the found 
We have also carried out studies in fusional move- 


same as we have 


ments and studies on many forms of vergence. | 
thought it would be interesting to show you a few 
slides which depict characteristic situations 
[Slide] This is approximation vergence with the 
near point of convergence. The lateral rectus decre 
ments as the eye converges. Here we 
characteristic breakpoint with the synchronized 
large discharge of the lateral rectus, and here an 
even larger one. This break is exactly the type of 
thing that the author described. It is of 
that it is of this large synchronized type 
[Slide] This is prism vergence, and here again 


have the 


interest 


ELECTRO 


we see a lateral rectus which decrements The 
integrator trace permits exact quantitation of in 
nervation. All one need do is to measure the 
vertical level of the integrator discharge to get the 
integral of the energy developed within the given 
time intervals 

We see that the energy levels decrement up to 


convergence and then there is the big burst which is 
tl 


charactristic of the breakpoint, and then the larger 


firing of the eye as it diverges 


Here we have prism convergence with the prism 
before one eye. The innervation of the other eye 
in this case stays constant should put it this way 
We are recording from the eye which does not 
have the prism in front of it, and which therefore 
remains still and shows no change in its innerva 
tion 

This is accommodative convergence. Here is the 
trace of a medial rectus when a minus lens has 
been placed in front of the other eye, producing 


accommodative convergence wi increased firing 


[Slide] This is situation in which the minus 
lens is placed before the fixing eye, and in this 
case there is no change in the innervation of the 


fixing eye. This is again an 
[Slide] This is the constant 

is before the that 

when an eye 


feature 
level when the lens 


portant 
not move In other 
does not move 
When an eve 
When we put minus 
lenses in front of both eves there is no increase of 


eye loes 


words, there is no 


increase in innervation moves there 


is an increase of innervation 
innervation within the limits of the relative fusional 
Only 
divergence is there a break, and 
that 
innervation 


the relative fu 
then the 
expected increase of 
The eye that does n 


divergence when we excer 
sional 
eye turns in shows the 
t turn in shows no 
change 

The mechanism 
Allen have 
shows that there is integra 


and 


what 


\ an 


have reported 


that Dr Blodi and Dr 
described and that we 
ted in the brain all forms 
added to- 
final common 


of vergence version. These are 


gether, and emerges into the 
patl is the vector resultant 


This is a simple reciprocity mechanism in which 


there is never any co-contraction. A medial rectus 
does not compete in a tug of war with a lateral 


rectus to hold the eye in position. They are always 
associated in this simple reciprocity relationship 

We 
One of the slides 


n the amblyoscope, and 


Divergence is an active process have re 
corded divergence in many ways 
showed fusional divergenc« 
divergence when one arm of 
4} 


it shows the increase in 


the instrument is diverged. Using the integrator it is 


possible to evaluate and to innervation 


that 


quantitate 
is not obvious to the naked eye by simple in 
spection methods 
To summarize, then, the forms of 


are all 


innervation 
integrated in the brain and emerge as a sim 
ple reciprocity mechanism. I would take issue witl 
Dr. Blodi’s innervation to the 
extraocular muscle is always constant, that is, the 


intagonists is the same 


statement that the 


sum of the innervation of 


Actually, he is really describing the reciprocity rela 
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We have evidence which shows that under 
certain conditions the sum of the levels of innerva- 
tion of antagonists may be widely disparate. But in 
essentials | am sure we agree quite closely, and we 
with further 


tionship 


are all looking forward interest to 
studies on this subject 
Dr. HERMANN M. Burian (lowa City, Iowa) 
The paper by Dr. Blodi and Dr. Van Allen adds a 
new and exciting chapter to the growing story of 
electromyography of the extraocular muscles. Their 
findings shed light on one of the most important 
processes in the physiology of extraocular motility 
It has been my contention for many years that 
fusion is the result of an equilibrium between the 
forces which tend to keep the eyes properly aligned 
and those forces which tend to disrupt the align- 
ment of the eyes. The most powerful, though not 
stimuli which contribute to keeping the 
eyes so positioned that sensory 
are the stimuli arising from the retinas. It is largely 
due to them that we have single binocular vision. 
These stimuli would evoke such motor impulses 
that 


muscle 


the only 
fusion is possible 


a balanced tonus is created in the extraocular 
Because of this I have frequently objected 
to such terms as 


imbalance” in the defini- 
tion of heterophoria and to the definition of ortho- 
phoria as a condition in which the extraocular 
muscles are “in balance.” The tonus of the extra- 

muscles is always in even in 
comitant strabismus, except for frank paralyses. 
These were theoretical deductions, however. Evi- 


“muscle 


ocular balance, 


dence that these deductions were correct is coming 


now from the electromyographic studies of Dr. 
Blodi and Dr. Van Allen, and of others. These 
studies have many implications not only for the 


physiology of the extraocular muscles, but also for 
our clinical work. I have often emphasized that 
the recession of a muscle affects the action of the 
antagonist as well as that of the recessed muscle it- 
self, not only through purely mechanical changes 
in their relationship, but also through adjustments 
in the impulses flowing to them. This assumption 
has been made even more probable. It is my hope 
that it may sometime be tested directly by electro- 
myography. 

The most important finding in the study is the 
tremendous increase in the potentials of the lateral 
when the breakpoint of induced 
convergence is reached. This finding, which has its 
parallel in the lateral 
rectus muscle when a patient with intermittent ex- 


rectus muscle 


increased activity of the 
otropia goes from fusion to exotropia, may at first 
On reflection, how- 
ever, the observed facts appear to be reasonable 
The stimulus resulting from the increasing dis- 
parity of the retinal images, when convergence is 


seem disturbing to some of us 


forced, produces an ever growing increase in the 
impulses to the medial rectus with cor- 
responding reduction in the impulses to the lateral 
When the maximum effective dis- 
flow of impulses to the 
medial rectus muscles stops suddenly and the lat- 
eral rectus muscles receive powerful motor im- 


muscles 


rectus muscles 


parity is exceeded, the 
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pulses, maintaining the balance of tonus between 
these antagonists. This does not necessarily imply 
the existence of a “divergence center” which 
should presumably be effective mostly in absolute 
diveregence, that is, in bringing the eyes into a di- 
vergent relative position beyond parallelisms of the 
visual lines. Nor does it necessarily imply that the 
tonus of the extraocular muscles is regulated 
through proprioceptive mechanisms. It does imply 
that there are central nervous arrangements which 
finely regulate and integrate the flow of impulses 
to the extraocular muscles and preserve that bal- 
ance in the tonus of these muscles which is so 
essential to the smooth and precise execution of the 
eye movements. 

I wish to congratulate Dr. Blodi and Dr. Van 
Allen on their most interesting presentation. I look 
forward eagerly to the further advances which 
they, and other workers in the field of electro- 
myography, will contribute toward the understand- 
ing of the physiology and pathology of the extra- 
ocular muscles 


I can 
well understand Dr. Blodi’s hesitancy in deriving 


Dr. Francis H. Apter (Philadelphia) : 
any certain knowledge of a divergence mecha- 
from his experimental data. Up until the 
have been in an 
one of 


nism 
advent of electromyography we 
argument between two opposing groups, 
whom has stated that divergence was entirely a 
matter of diminishing convergence with the elastic 
pull of the lateral rectus muscles and the fascia in 
the orbit bringing the eyes out to parallelism. 

Once and for all, I am just a clinician, and 
once and for all I would like to lay the ghost of 
that theory and ask Dr. Blodi if he does not 
believe that at least these records of his, and those 
of Dr. Breinin, and my own very poor records 
which were early obtained in this field, definitely 
prove that we are dealing not only with a relaxa- 
tion of convergence but with an active increase in 
tonus to both lateral rectus muscles. 

Dr. FrepericKk C. Biopt (Iowa City): I wish 
to thank the discussers, and I agree with Dr. 


Adler. 


STUDIES ON THE ROLE OF SYMPATHETIC NERVOUS STIMULATION 
IN EXTRAOCULAR MUSCLE MOVEMENTS* 


GERHARD A. 


Brecuer, M.D., AND WALTER G. MITCHELL, M.A. 


Columbus, Ohio 


INTRODUCTION 

Evidence has been accumulated in recent 
years that ocular movements can be divided 
functionally into two types (A) conjunctival 
movements which are volitional, fast, sac- 
cadic, yoked movements of tetanic character 
obeying Hering’s law of equal innervation to 
the muscles of both eyes, and (B) “follow” 
or “gliding” movements which are reflexly 
innervated, slow, unyoked movements of 
tonic character. Of the latter type are the 
fixation, fusion, vergence, and slow phase 
nystagmic movements.*~* 

There is at present general agreement that 
the volitional movements are approximately 
10 times as fast as the reflex movements.***® 


* From the Departments of Physiology and Oph- 
thalmology, College of Medicine, The Ohio State 
University. 

*t The velocity of voluntarily initiated converg- 
gence movements is apparently also of the same 
order of magnitude as that of saccadic movements, 
according to recent unpublished findings of Dr. 
Gerald Westheimer, Schoo! of Optometry, Ohio 
State University (by personal communication). 


However, the nature of the neuromuscular 
mechanisms of the two types of ocular move- 
ments is quite controversial. Numerous at- 
tempts have been made to correlate the func- 
tional differences with different morphologic 
substrates. Two theories have been advanced 
to explain the rapid and slow eye movements. 
soth views are based mainly on evidence 
derived from the histologic structure of the 
external eye muscles: 

1. Schubert has suggested that the tetanic 
and tonic (reflex) 
are mediated by two types of striated muscle 


( volitional) movements 


fibers innervated by two different types of 
somatic nerve fibers.+*? This view is sup- 
ported by older histologic findings of Wool- 
lard® and by recent work of Kriiger.*** The 
latter distinguishes two kinds of striated 
muscle fibers, one having a “fibril structure” 
and the other a “field structure.” The “fibril 


structure” muscle fibers, innervated by thick 


medullated somatic nerve fibers with end 


plates, are believed to mediate tetanic voli- 
On the other hand the 


tional movements. 
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“field structure” muscle fibers, innervated 
by thin nerve fibers with grape-like endings, 
are believed to be responsible for the tonic 
(reflex) movements. 

2. Alpern and Wolter’ recently advanced 
another theory in which they suggest that 
the final common paths for saccadic (fast) 
thick 


nerve fibers, whereas the final common paths 


movements are formed by somatic 
for vergence (slow) movements are formed 
by thin autonomic nerve fibers. This view 1s 
mainly based on the histologic investigations 
of Boeke,’ Kirsche,“ and Wolter,’ Ac- 
cording to these authors the striated muscle 
fibers have a double innervation, motor and 
autonomic, According to Wolter’* the au- 
tonomic fibers can be again subdivided his- 
tologically into two types, which are assumed 
to be sympathetic and parasympathetic in 
origin. 

Since the histologic evidence is partly con- 
flicting it is difficult to assess from this evi 
dence alone which structures represent the 
morphologic correlates for the slow (reflex ) 
ocular movements, that is, whether these are 
mediated by the specific “tonic” striated mus- 
cle fibers** or small striated muscle fibers*® 
or by the doubly innervated (somatic plus 
autonomic) striated muscle fibers.*®-'* It ap- 
pears that physiologic information as to the 
muscle responses may aid in the elucidation 
of this proble m. 

When Alpern and Ellen**® advanced the 
view that vergence (slow) movements of the 
eye might be attributed to autonomic activity, 
one of the discussants (Brecher) expressed 
caution concerning their hypothesis in the 
absence of support from conclusive physio- 
logic experiments. Since such experiments 
have not been reported as yet, it is the pur- 
pose of the present and another later study 
to investigate physiologically whether or not 
autonomic nervous stimulation causes move- 
ments of the external eye muscles or affects 
the height of their contraction. 

Of the two divisions of 
nervous system, only the sympathetic can be 


the autonomic 


distinctly separated anatomically from the 


somatic nerve supply of the extraocular mus- 
cles. This permits a direct experimental ap- 
proach to the problem. Accordingly, the 
present paper will deal only with the effects 
of sympathetic stimulation on the external 
eye muscles. 

MetHop 

Acute experiments were undertaken in 20 
cats, 3.0 to 5.0 kg. in weight, anesthetized in- 
traperitoneally with 30 mg./kg. of sodium 
pentobarbital. Cats were found to be most 
suitable for this work since their sympathetic 
and parasympathetic nerves are clearly sepa- 
rable in the upper neck region for stimula- 
tion purposes. In dogs these structures can- 
not be distinctly defined by dissection. The 
experimental arrangement is illustrated in 
Figure 1. 

The superior cervical ganglion was dis- 
sected free from the surrounding tissues and 
a shielded electrode was applied. This gan- 
glion was stimulated with a Grass stimu- 
lator at 25 to 100 cps which induced marked 
pupillary dilatation and nictating membrane 
contraction. After the removal of the zygo- 
matic bone and enucleation of the eye, the 
external eye muscles and nictating membrane 
were dissected free from surrounding tissue. 

Enucleation of the eye and proper isola- 
tion of the external eye muscles was neces- 
sary in order to permit recording of the 
muscle contractions, unimpeded by artefacts 
movements of 


from surrounding tissues 


which may also respond to sympathetic 


PHOTOKYMOGRAPH 


LIGHT SOURCE 


CERVIC. GANGLION 


Fig. 1 (Brecher and Mitchell). Schematic repre- 
sentation of the experimental arrangement for de- 
termining the effects of sympathetic stimulation on 
the lateral rectus muscle, Description in text. 


Mi. Me 
RECTUS M 
NICTITATING MEMBRANE ELECTRODE 
ABOUCENS WN. 
y STMULATING ELECTRODE I ° 
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stimulation. Great care was taken to assure 


an unimpaired blood and nerve supply to the 


eye muscles and to the nictating membrane. 
This is important because the sympathetic 
nerves accompany the blood vessels. 

The insertion of one of the external eye 
muscles (for example, lateral rectus) and 
the tip of the nictating membrane were at- 
tached to isometric muscle levers of adequate 


frequency response and sensitivity. With 


this arrangement changes in the degree of 
muscle tension (referred to as “contraction 
height”) could be recorded. Each lever actu- 
ated a mirror (M, and M,) for optical re- 
cording of the muscle movements. In some 
experiments (Section B of “Results”) a di- 
rect stimulation of the abducens nerve was 
made with a second stimulator, in addition 


to the superior cervical ganglion stimulation. 


RESULTS 


A. MECHANICAL EXTRAOCU- 


LAR MUSCLES TO SYMPATHETIC STIMULA- 


RESPONSE OF 


TION 

Figure 2 illustrates the effect of sympathet- 
ic stimulation on the nictating membrane 
and lateral rectus muscle. The beginning and 
end of the stimulation of the superior cervi- 
cal ganglion is marked by X and Y respec- 
tively. About 600 msec. after the beginning 
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of the stimulation, the nictating membrane 
contracted as indicated by a rise in the upper 
Relaxation began about three sec 
Dur 
ing sympathetic stimulation the lateral rectus 


tracing. 


onds after the cessation of stimulation 


muscle showed no movements, as indicated 
by the lack of 
straight line course of the tracing (second 


any deviation from the 
from top). Similar records were obtained in 
with the 


lateral rectus and the other extraocular mus- 


all 10 experiments undertaken 
cles. 

From this one may conclude that sympa 
thetic stimulation causes neither a contrac 
tion nor a relaxation of the external eye 
muscles. 

In order to compare these findings with 
those obtainable under corresponding condi 
tions in other body regions, the sympathetic 
supply to the cat hind-limbs was stimulated 
in four experiments. This did not result in 


any movement of the skeletal muscles either 


B. INFLUENCE OF SYMPATHETIC STIMULA- 


TION ON THE HEIGHT OF CONTRACTION OF 


EXTRAOCULAR MUSCLES 


Although sympathetic impulses do not 
directly result in extraocular muscle move 
ments, such impulses might, nevertheless, 
influence the height of extraocular muscle 


Fig. 2 (Brecher and Mitchell). Contraction of the nictating membrane resulting from superior cervical 
ganglion stimulation with concomitant recording of lateral rectus muscle tonus. Tracings from top to 
bottom : nictating membrane, lateral rectus muscle, stimulus marker, time (one second from one elevation 
to the next). Segment of an original record from a representative experiment. Description in text 


SYMPATHETIC 
contractions elicited by somatic stimulation 
This general problem, concerning the effect 
of sympathetic stimulation on the height of 
skeletal muscle contractions, has been studied 
in the past. Orbeli™ was the first to observe 
that the height of skeletal muscle contrac 


tions could be augmented by concomitant 


stimulation of the sympathetic supply to the 


muscle involved. This so-called Orbeli phe 


nomenon was further investigated by Baet 


jer’ who also extensively reviewed the liter 
ature. In repeating Orbeli’s work Baetjer re 


port d that the experim ntal results were in 


consistent. She found, for example, in some 


x 


Fig. 3 (Brecher and Mitchell) 
height of the lateral rectus muscle 
(B) 
to bottom 


(A) Control 
‘ontractions of lateral 
lateral rectus mu 


“le 


from a representative experime 
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stimulus marker, time as in Figure 
nt. Description in text. 
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experiments an increase, but in others a de- 


crease or no effect of sympathetic stimulation 
on the contraction height. These observations 
were made on skeletal muscles in the hind 
limbs of frogs (Orbeli) and cats ( Baetjer). 
No iny estigations seem to have been reported 
concerning the skeletal musculature of the 
head. 

the Orbeli were 
therefore performed in order to study the 


Experiments of type 
effect of sympathetic impulses on the height 
of extraocular muscle contraction. 

The results of a typical experiment are 


illustrated by two segments taken from one 


Effect of superior cervical ganglion stimulation upon the contraction 
Tonus of lateral rectus muscle during such stimulation. 
rectus muscle before and during sympathetic stimulation. Tracings from top 


2. Segments of an original record 


| 
ax 
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continuous record (fig. 3). Segment A is 
the control in which only the superior cervi- 
cal ganglion was stimulated (stimulator I in 
fig. 1). The beginning of the stimulation is 
marked X. The tracing of the lateral rectus 
muscle shows no deflection. In segment B a 
rhythmic contraction of the lateral rectus 
muscle is shown when single shocks are ap- 
plied to the abducens nerve every 850 msec. 
(stimulator II 1). At the place 
marked X the superior cervical ganglion was 
stimulated concomitantly (stimulator II in 
fig. 1). One can see that the height of the 
contractions remained the same. 

A total of 10 Orbeli type experiments 
A slight decrease (eight 
percent) of contraction height was observed 
in two, a slight augmentation (10 percent) 
in one, and no change in seven of these 


in fig. 


were performed. 


experiments. Similarly inconsistent results 
were obtained when tetanic stimulation of 
the skeletal muscle was used instead of single 
shocks. 

From these results it may be concluded 
that sympathetic impulses do not affect in a 
consistent manner the height of extraocular 
muscle contractions elicited by somatic nerve 
stimulation. 

DISCUSSION 


These experiments indicate that sympathet- 
ic stimulation as such does not result in 
movements of the external eye muscles. This 
cbservation is in agreement with the gener- 
ally accepted concept that autonomic nervous 
stimulation does not cause contractions of 
the skeletal musculature. This concept is 
based on substantial previous physiologic 
evidence. The experimental findings, there- 
fore, do not support the hypothesis of Al- 
pern and Wolter® that the vergence (slow) 
movements of the eye muscles are caused by 
autonomic innervation. Likewise there is no 
consistently reproducible effect of sympathet- 
ic stimulation on the already contracting eye 


muscle (Orbeli type experiment). 

In preliminary experiments with para- 
sympathetic nerve stimulation no external 
eye muscle movements could be demon- 
strated either. However, due to the complex 
anatomic situation an indirect approach had 
to be used for separating the effects of para- 
sympathetic and somatic stimulation. This 
will be reported at a later date. 

In order to approach under strictly con- 
trolled experimental conditions the problem 
of the genesis of the slow and fast eye move- 
ments it was, of course, necessary to limit 
the aspects of the problem to one facet only. 
Since the results concerning the facet in- 
vestigated here were entirely negative, other 
possibilities, which may account for the dif- 
ference in the slow and fast ocular move- 
ments (such as pointed out in the beginning) 
deserve future study. The function of the 
histologically observed autonomic innerva- 
of the extraocular muscles 
therefore, still a matter of conjecture. What- 
ever the function is, it does not appear to be 
that of eye muscle movement, as far as the 
sympathetic system is concerned. 


tion remains, 


SUMMARY 


An experimental study was made of the 
hypothesis of Alpern and Wolter who sug- 
gested that the slow vergence movements of 
the eye may be mediated by autonomic in- 
nervation of the extraocular muscles. This 
study was limited to the sympathetic innerva- 
tion since only the sympathetic nervous sys- 
tem could be clearly separated from the so- 
matic nerves. In anesthetized cats sympathetic 
stimulation caused no movement of the eye 
muscles. Likewise, sympathetic stimulation 
did not consistently increase or decrease the 
tension of extraocular muscles produced by 
somatic nerve stimulation. 

Department of Physiology, 

Hamilton Hall (10). 
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DISCUSSION 


Dr. Francis Heep Apter (Philadelphia): To 
test Alpern and Ellen’s hypothesis that the slow 
movements of 
activity, Dr. Brecher and Dr 
out the sympathetic side of the 
to the eye muscles and found that sympathetic stim- 
ulation did not cause any contraction of the ocular 
muscles in cats, nor did it change the type of con- 
traction induced by stimulation of the somatic 
nerves to the muscles. They have therefore elimi- 
nated the sympathetic supply from consideration. 

Let me point out that their results apply only to 
cats, and not necessarily to man or other experi- 


convergence are due to autonomic 
Mitchell have singled 
autonomic supply 


mental animals. For some unknown reason there is 
structure and 
muscles in 


anatomic 
ocular 


great variability in the 
physiologic behavior of the 
different species. Cats have no muscle spindles and 
McCouch and I (McCouch, G. P., and Adler, 
F. H.: Extraocular reflexes. Am. J. Physiol., 100: 
78, 1932) were unable to demonstrate any stretch 
reflexes from these muscles. Man and some other 
animals on the other hand do have spindles of a 
sort, and show stretch reflexes and proprioception, 
as recently proved by Breinin electromyographi- 
cally. 

As to the parasympathetic side of the 
nomic nervous system the authors state that pre- 


auto- 


liminary experiments failed to reveal any effect on 
the ocular muscles, but they are going to make 
this the subject of a separate report. Parasym- 
pathetic innervation of the ocular muscles was 
claimed by Sunaga in 1927 (quoted by Kuntz, A.: 
Autonomic Nervous System. Philadelphia, Lea & 
Febiger, 1945, ed. 3, pp. 361) on the basis of his- 
tologic changes observed in these muscles follow- 
ing parasympathectomy. 

There is good clinical evidence for the existence 


of two separate mechanisms innervating the medial 
rectus muscles. Patients with a lesion in the medial 
longitudinal bundle between the third and sixth 
nerve nuclei characteristically show failure of 
adduction of one eye in versions to the opposite 
side, suggesting a paralysis of the medial rectus 
muscle, but with retention of good convergence, 
proving that the medial rectus muscle is actually not 
paralyzed. The eye cannot be moved by the medial 
rectus muscle in versions and yet it can in ver- 
gences. This is added evidence to that adduced from 
the difference in speed of versions and vergences 
under physiologic conditions that the medial rectus 
muscle is innervated by two separate mechanisms, 
one of which may be caught in lesions of the 
medial longitudinal bundle while the other escapes. 

Further, in lesions close to the superior colliculi 
convergence is lost with retention of versions. At 
the same time the pupils in these patients show 
changes indicative of parasympathetic damage 
This condition is known as Parinaud’s syndrome. 

On the basis of this clinical evidence, I will 
hazard a guess that Alpern and Ellen’s hypothesis 
is probably correct; namely, that versions are car- 
ried out by somatic innervation while vergences 
are due to the innervation by the parasympathetic 
side of the autonomic nervous system 

This does not necessarily mean that there are 
separate muscle fibers or separate nerve fibers in 
the final common pathways subserving these two 
separate innervations, which may only be separate 
higher up in the neuromuscular apparatus. 

Dr. Brecher and Dr. Mitchell have proved their 
point in a most admirable series of experiments, 
and I will be interested to hear their final report 
on parasympathetic stimulation. 


Dr. J. Rermer Woxter (Ann Arbor): I would 
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like to demonstrate some histologic slides which question brought up by the authors about an auto- 
represent examples for the motor, sensory, and nomic innervation is extremely important. We 
double autonomic innervation of the striated fibers have been exercised by that thought also: and thus 
of the human eye muscles. These findings were pub- far, using various autonomic drugs topically, we 
lished before and it was suggested that the two can see no difference in the firing of the intra- 
types of delicate nerve fibers found on the muscle ocular muscles. Of course certain drugs do elicit 
fibers in addition to the motor end-plates might be muscle contraction, for example succinylcholine. 

sympathetic and parasympathetic in nature. To- Secondly, in the vergences as compared with the 
gether with Alpern we suggested that these histo- versions, I have not yet been able to distinguish any 
logic facts of a motor and autonomic innervation characteristics which would serve to indicate a 
of the eye muscles could be used to explain the separate mechanism. I do think that there are 


difference in vergence and saccadic eye movements different sources of tonus in the extraocular 
Dr. Brecher demonstrated in his excellent paper muscles. It comes from many different places, and 

that there is no reaction of eye muscle fibers fol- I believe we have separately isolated an upper and 

lowing electrical irritation of sympathetic centers a lower motor neuron mechanism for tonus 

in the cat. We would like to emphasize that there This is a rather complicated topic. Tonus is not 


is a difference between the function of human eye a mechanism which I could ascribe to the auto 
muscles and those of the cat. Furthermore, it is nomic system at present. 

quite possible that the sympathetic nerves of the Dr. GerHarp A. BrecHer (closing): I must 
human eye muscles have only trophic but no motor state that it is always less satisfying to obtain 
functions while the parasympathetic system seems negative results to a problem than positive ones 
more likely to have to do with the slow eye muscle However, one must accept the results of investiga 
movements. tions as answers under the given experimental con 
This study of Dr. Mitchell and Dr. Brecher is a ditions. In the case of our studies these conditions 


very important contribution. But it answers only were controlled to the best of our ability. The 
half of the question whether there is an autonomic negative answer applies, therefore, only to the con- 
part in the function of human eye muscles ditions in which the peripheral outflow of the sym- 


Dr. Goopwin M. Bretntn (New York): The pathetic nervous system was tested. 


THE EFFECT OF ULTRASONIC RADIATION UPON THE RATE OF 
ABSORPTION OF BLOOD FROM THE VITREOUS* 


Baum, 
Port Chester, New Y ork 


I. INTRODUCTION praisal in experimental animals. The results 
This is a preliminary report of attempts of the latter approach are contained in this 
at clearing the vitreous of injected autoge- P#P*T- 

nous blood by ultrasonic radiation. Numerous 50 Tew papers on ultrasonics have ? 
reports of the absorption of hemorrhages peared in the American ophthalmic literature 
and exudates from human eyes, following that a brief explanation of the methods o! 
ultrasonic radiation, have appeared in the production, properties, and techniques used 
European literature." Since hemorrhages ™ applying ultrasonic energy to the eye will 


and exudates will frequently absorb without be included. 


any treatment, clinical evaluation of this 17 Tip GENERATION OF ULTRASONIC ENERGY 
method of treatment would require a sta- a 
tistically significant number of cases or ap- In medicine, ultrasonic nee oe 
. and 1,000 ke. are most frequently used 
; a Sound waves of this frequency are most 
* From the New York University Post-Graduate : 
Medical School, New York, and the Veterans Ad- 
ministration Hospital, Bronx, New York. This in- other substances possessing piezo-electric 
vestigation was supported by Research Grant properties.’ 
M-3644 from the National Institute of Mental 
Health, Public Health Service 
t Public Health Service Fellow. crystal an alternating voltage of the same 


efficiently generated by a quartz crystal or 


This is accomplished by applying to the 


ULTRASONIC RADIATION 15] 


Ultrasonic generator used in 
(Ultrasonor Model 33). The 
transducer is resting in the cradle on the left side 


of the 


Fig. 1 (Baum) 


these experiments 


generator 


frequency as the resonant frequency of the 
crystal, that is, a 1,000-ke. crystal requires a 
1,000-kc. voltage. The crystal then converts 
into mechanical (or 


the electrical energy 


sound) energy. A device which converts one 
form of energy (electromagnetic) to another 
form of energy (sound or mechanical) is 
termed a transducer. 

The transducer is the source of the ultra 
sonic energy which is applied to the eye 
(fig. 1). The transducers used in medicine 
which the 


consist of a metal housing in 


crystal is mounted. They are usually filled 


with oil which acts as a cooling agent. 


Ill. PROPERTIES OF ULTRASONIC ENERGY 


Ultrasonic energy is propagated in the 
form of sound waves whose frequency is 
greater than 20,000 cps, that is, they con 
sist of regularly spaced rarefactions and 
compressions. Profound physical, chemical, 
and biologic alterations can be produced. 
Physical changes such as cavitation of 
liquids, heating, dispersion, luminescence, co- 
agulation of aerosols, emulsification, and so 
forth, may be produced. Hydrolysis, addi- 
tion, oxidation, polymerization, depolymeri- 
zation, molecular rearrangement, colloidal 
dissolution, or peptization, are some of the 
chemical changes induced by high levels of 
ultrasonic energy. 


Biologic changes such as 


alteration of 


membrane permeability, lysis of cells and 
macromolecules, and modification of the 
virulence of viruses and bacteria have been 
reported. Specifically, ultrasonic energy can 
lyse erythrocytes and macromolecules, Be- 
cause of this property it has been used in 
the treatment of vitreous hemorrhages.**-** 

The coefficient of absorption for ultra- 
sonic energy in gases increases with fre- 


that at 1,000 kc., 
through air is impractical. This physical 


quency so transmission 
characteristic of ultrasonic energy necessi- 
tates special coupling techniques for radia- 
tion of the eye. 


IV. Various 
ULTRASONIC 


TECHNIQUES OF COUPLING 


ENERGY TO THE EYE 
Liquid coupling media such as degassed 
water, or nonchemically reactive oils or oint- 
ments must be used to exclude gas from the 
system. Because of the multicurved surfaces 
about the eye, containment of these coupling 
media is difficult. To solve these problems, 
the following methods have been tried."" 


A. RUBBER CONDOM TECHNIQUI 


A rubber condom filled with degassed 
water, its outer surfaces coated with petro- 
latum, is placed over the eye and the trans- 
ducer applied to it. Movement of the trans- 
ducer with this arrangement is very simple 
and constant motion of the transducer pre- 
vents local overheating of tissue. Unfortu- 
nately, approximately 60 percent of the en- 
ergy may be lost when using this method of 
coupling. Clinically, this is the simplest and 
safest method (fig. 2-A). 

B. VIA FLUID 

The lower end of a glass funnel is shaped 

to conform to the shape of the eye so that a 


The funnel is then 
filled with degassed normal saline or 0.25- 


sealed system results. 
percent methyl cellulose. The transducer is 
immersed in the liquid and the energy is 
transmitted through the fluid to the eye (fig. 
2-B). Coupling with this method results in 


a 90-percent loss of the generated energy. 
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TRANSDUCER 
} 
d 
TRANSOUCER \ 7 
\ \ DEGASSED WATER 
{ ~ j 
{ POECASSED waTeR | 
= = 
=~ PETROL ATUM 
eve eve 
4 
a 
Fig. 2 (Baum). Methods of coupling ultrasonic 
energy to the eye. (A) Via rubber condom filled 


with degassed water and coated with petrolatum 
(B) Via fluid contained in funnel 


C. Lip APPLICATION 

The transducer may be coated with petro- 
latum and applied directly to the lids. The 
film of tears acts as the final coupling layer. 
Two disadvantages are present. The lids ab- 
sorb energy and there is as much danger of 
injuring the lids as there is the eye. 


D, DIRECT APPLICATION 

The radiating surface of the transducer 
is coated with petrolatum or mineral oil and 
applied directly to the surface of the anes- 
thetized eye. Such application may result in 
localized overheating of tissues. This may be 
overcome by pulsing the ultrasonic energy or 
constantly moving the transducer. 

All methods of coupling other than direct 
stationary coupling result in marked loss of 
ultrasonic energy, so that the resulting tissue 


dose is reduced to “safe” limits. 


V. Dosace LIMITS 

Previous experiments established that a 
tissue dose of 0.5 w./cm.?/5 min. at 1,000 
ke. direct coupling via petrolatum from the 
center of the transducer does not produce 
any permanent ocular damage.* 

The details of these experiments and the 
pathologic changes which higher levels of 
radiation may produce have been reported 
elsewhere. The present study was conducted 
within the above limitations in dosage. 


VI. FACTORS AFFECTING THE LYSIS OF RED 


BLOOD CELLS BY ULTRASONIC RADIATION 


The concentration of red blood cells, total 
volume irradiated, viscosity of suspending 
medium, frequency of ultrasonic wave, 
species of red blood cell, resonant points, 
temperature, concentration of gases in sus- 
pending medium, all affect the rate at which 


lysis occurs. 


RED BLOOD 


A. THE 


CELLS 


LYSIS OF SUSPENDED 


Radiation of red blood cell suspensions, 
diluted 1:1,000 in 50 cc. quantities at 1,000 
ke. resulted in some lysis of red blood cells 
if the temperature was permitted to rise. 
The degree of lysis was measured on a Rouy 
Photometer using a 550 my filter and ex- 
amining 5.0 cc. of fluid every five minutes 
during the course of the exposure. Human 
erythrocytes lysed more readily than rabbit 
red blood cells under these conditions. 


VII. EXPERIMENTS WITH INJECTED 


AUTOGENOUS BLOOD 
Material. 
proximately four to five Ib. in weight were 


Male, pigmented rabbits ap 
used. 

Procedure. Freshly drawn blood was col 
lected with acid citrate dextrose solution as 
the anticoagulant. Whole blood was used 
rather than a suspension of erythrocytes be- 
cause duplication of naturally occurring 
hemorrhages was desired. Varying quan 
tities of this freshly drawn autogenous blood 
were injected through the pars plana into a 
healthy rabbit eye using a 25-gauge needle. 
The acid citrate dextrose-blood mixture did 
not produce any pathologic changes other 
than might be expected from the trauma of 
the injection. 


A. DETERMINATION OF 
TANEOUS ABSORPTION OF BLOOD FROM THE 
VITREOUS OF THE RABBIT 


THE RATE OF SPON 


Intravitreal hemorrhages frequently ab- 
sorb spontaneously. The rate at which whole 
blood absorbs from the vitreous of the rabbit 
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TABLE 1 


RATE OF SPONTANEOUS ABSORPTION OF BLOOD FROM VITREOUS OF RABBIT 


Quantity ol Blood 
Injected into 
Vitreous* 

(ce 


Animal No. 


0.01 


0.05 


0.10 O.D. 


O.S. 


Results 


Blood cleared in 141 da. 
Blood cleared in 21 da. 


Blood still present 186 da. after injection O.D.>0O.S. 


Cleared in 30 da. 


Blood present on the 99th da. 


* The blood used in these experiments was autogenous blood consisting of a mixture of 0.85 cc. blood to 
0.15 cc. acid citrate dextrose solution (ACD) which contains 26.7 gm. trisodium citrate, (5.5 H,O), 8.0 gm. 


citric acid and 22.0 gm. of dextrose /liter. As described in: Cohen, E. 
Am. Chem. Soc., 72:465, 1950. 


components of the human blood. J 


has, to the best of my knowledge, not been 
To this the 
varying of autogenous 
blood (table 1) were injected intravitreally. 


reported. determine rate in 


rabbit, quantities 
No treatment was administered. No correla 
tion between the amount of blood injected 
and the time required for its spontaneous 
absorption was noted. The rate of spon 
taneous absorption was so slow that it would 
not interfere with the course of these experi- 


ments. 


B. EXPERIMENTS WITH ULTRASONIC ENERGY 


TO INCREASE RATE OF ABSORPTION 


Characteristics of ultrasonic generator. An 
Ultrasonor Model No. 33 was used for these 
experiments. This generator is specifically 
It has the fol- 
Energy density 0.25, 


constructed for medical use. 
lowing characteristics: 
0.5, 1.0, 1.5, 2.0, 2.5, 3.0 watts per square 
cm.; the total sound output equivalent is 
10.0, 12.5 


equal to 1.25, 2.5, 5.0, 7.5., and 


J., et al.: A system for separation of the 


15.0 watts; 


million cycles per second ) ; the impulse ratio 


the frequency is 1,000 ke. (one 


was 1:5, 1:10, and 1:20, that is the generator 
delivers power for one fifth of a second and 
is off for four fifths second, for one tenth 
of a second and off for nine tenths second, 
and so forth. To obtain a constant output the 
voltage regulating equipment shown in Fig- 
ure 3 was required. 

Procedure. The same techniques as those 
described in Section VII-A were used for 
the collection and injection of the blood into 
the vitreous. However, this time the right 
eye served as the control and the left eye 
was irradiated. The details of the experi- 
ments are listed in Table 2. 

1. RESULTS OBTAINED WITH DIRECT 

COUPLING 

No difference in the rate of absorption 


between the control and treated eye could 


be noted in these animals when they were 


HOV 
A.C 
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CONSTANT 


VOLTAGE 


VARIABLE 
VOLTAGE 


—_> TRANSFORMER TRANSFORMER 


ULTRASONIC 
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Fig. 3 (Baum) 
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Block diagram of the electronic components required to stabilize the 


output of the ultrasonic generator. 
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TABLE 2 


EFFECT OF ULTRASONIC RADIATION UPON RATE OF ABSORPTION OF BLOOD FROM 
VITREOUS OF THE RABBIT 


Unit Do et 
Amount 


of Blood : 
time 
(cc.) 


(min.) 


Number 
of Expo- 
sures 


Rabbit 
No. 


120 


110 


70 


* Unit dose of 0.5 w.\cm.*\5 min. 
+t Unit dose of 1.0 w.\cm.*\3 min. 


t Direct coupling was used in all these experiments. 


a control except where indicated. 


treated at an intensity of 0.5 w./cm.?/5 min. 
The intensity of the radiation was therefore 
1.0 w. 
the danger of ocular injury. At this higher 


increased to cm.?/3-5 min. despite 
level of irradiation, absorption of the vitre- 
ous hemorrhage occurred in the treated eye 
at a slightly faster rate than in the control, 
but only after a prolonged waiting period. 
The higher energy levels did produce perma- 
nent corneal scars. Since the concentration 
of red blood cells in the vitreous theoretically 
would affect the rate of absorption, smaller 
quantities of blood were injected intravitre- 
ally to determine if the rate of absorption 
would be accelerated under these conditions. 
This did not seem to alter the slowness of the 


process, 


2. RESULTS OBTAINED WITH THE ALTERNATE 
COUPLING METHODS 
Five other rabbits were simultaneously ir- 
radiated using the other coupling methods 


Total Ra- Between Injec- 
diation 
Time 


(Min.) 


Days Elapsed 


Total Days 
of Obser- 
vation 


tion of Blood 

and Start of 
Ultrasonic 
Radiation 


Result 


3 Amount of clearing 
seemed equal, 


Treated eye slightly 
clearer than control 


Treated eye slightly 
clearer than control 


Treated eye cleared 
before control 


Treated eye cleared 
slightly more rapid- 
ly than control 


Despite equal Rx of 
both eyes, OS 
cleared before O.D. 


rhe left eye was irradiated and the right eye served as 


already described. No difference in the rate 
of absorption was noted under these condi- 
tions. Coupling via a condom, funnel, or the 
lids reduces the intensity of the ultrasonic 
energy reaching the vitreous. This probably 
accounts for the negative results. Since the 
results were uniformly negative tabulation 
of the experiments has been omitted. 


3. RESULTS OBTAINED WHEN THE VITREOUS 


IS LIQUEFIED BY HYALURONIDASE AND DI 


RECT COUPLING IS USED 

All the cases reported in the literature in 
volved chronically diseased eyes. Such eyes 
frequently have a liquefied vitreous. Pirie’® 
and von Sallmann*® have reported liquefac 
tion of the vitreous by hyaluronidase. Von 
Sallmann also reported some increase in the 
rate of absorption of suspended red blood 
cells from the vitreous in the presence of 
hyaluronidase. 

Method. Hyaluronidase was injected intra- 
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TABLE 3 


EFFECT OF ULTRASONK 


RADIATION UPON RATI 


OF ABSORPTION OF BLOOD FROM RABBIT 


VITREOUS LIQUEFIED BY HYALURONIDASE 


Number of 
Days Be- 
tween Hyal- 
uronidase 
Injection and 
Start of Ul- 
trasonic Irra- 
diation 


Days Elapsed 
Between Hy- 
aluronidase 
Injection 
and Injec- 
tion of 
Blood 


Rabbit* 


21 0/3 min 
18 0/3-5 min. 


30 0/3 min. 


Number 


Total 
Time of 
Obser- 
vation 
(days) 


Difference Between 
Control and 
Treated Eye 


Total 
Exposure 
Time 


of Ex- 
posures 


None 
More blood in treated 
than in control eye 


None 


24 min. 
49 min. 


24 min. 


* 0.05 cc. of blood collected with ACD injected O.U 

Fifty turbidity units of hyaluronidase were injected intravitreally into each eye. Only direct coupling was 
used in these experiments. For brevity, the reactions to hyaluronidase have been omitted. 

Rabbit 9 received 37.0 mg. cortisone subconjunctivally, Rabbits 11 and 12 each received 12.0 mg. corti- 


sone subconjunctivally. 


vitreally to liquefy the vitreous of rabbits. 
Autogenous blood was then injected intra 
vitreally and ultrasonic radiation applied 
after varying waiting periods. This variable 
waiting period eliminated the possibility that 
the combination of hyaluronidase and blood 
alone would produce rapid clearing of the 
hemorrhage from the vitreous. The lapse of 
time between the injection of the hyaluroni- 
dase and the injection of blood did not facili- 
tate the absorption of blood. Because perma- 
nent eye damage was produced by radiating 
the eye at 1.0 w./cm.?/5 min., the time was 
reduced in this group to a maximum of three 
minutes. Under these conditions the results 
were consistently negative. Table 3 furnishes 


the details of these experiments. 


DISCUSSION OF ANIMAL PHASE 


VILL. 


Th experimental results were consistently 


rH! 


negative, unless the “safe” tissue dose was 


exceeded. Even under these circumstances 
only minimal acceleration of the absorption 
rate resulted. An increased rate of absorp- 
tion was noted only in those eyes which re- 
ceived such high doses of ultrasonic energy 
that a marked increase in temperature re- 
sulted. Eyes not receiving these high doses 
showed no response. Cavitation requires such 
high energy levels at a frequency of 1,000 
ke. that it be to 
played a role in these experiments. 


cannot considered have 


Quantitative evaluation of the rate of ab- 


sorption by tagging erythrocytes with radio- 
active iodine or phosphorus proved imprac- 
tical. lodine was excreted from the vitreous 
in 24 hours and the half-life of phosphorus 
was too short. Hemoglobin measurements 
were so inconclusive that they too were aban- 
doned and these results are omitted from this 
report. Since a gross effect, namely a rapid 
clearing of the injected blood, was sought, 
qualitative evaluation is adequate. 

Because of the difficulty of applying the 
results obtained in animals to the human, 
treatment of a patient was undertaken. 


IX. CASE REPORT 
Mr. L. H., 


a patient on the medical service for hyper- 


a 60-year-old white man, was 


tensive vascular disease probably secondary 
to renal disease. He also had diabetes mel- 
litus and left hemiparesis following a cere- 
brovascular accident four and one-half years 
prior to this admission. The patient states 
that following this cerebrovascular accident 
he became totally blind in his right eye. 

The pertinent eye findings immediately 
prior to ultrasonic irradiation were: 

O.D., no light perception ; O.S., 20/50 cor- 
rectible to 20/20, J1. The right eye showed 
a normal cornea and anterior chamber. There 
was sclerosis of the lens with early posterior 
subcapsular cataract formation. The vitreous 
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was fluid and had a haze characteristic of 
The 


coarse floaters and large clumps, which, be- 


hemorrhage. anterior vitreous had 
cause of their size, were assumed to be blood, 
but could not positively be identified as such. 
The posterior vitreous was so dense that the 
slitlamp beam could not penetrate. 

Fundi O.D., no light reflex due to massive 
vitreous hemorrhage; O.S., normal except 
for A/V 1:2, widening of the light reflex, 
third-grade AV nicking. Absence of foveal 
reflex. No hemorrhages or exudates. 

COURSE OF TREATMENT 

The patient received one radiation of 1.0 
w./cm.?/3 min. applied directly to the closed 
lids with vaseline as a coupling medium. The 
patient had no complaints during the irradi- 
ation. Immediately following radiation an 
iritis developed. This persisted despite corti- 
sone therapy. On the 36th day the disc and 
some blood vessels could be discerned. The 
disc was pale and the vessels attenuated. En- 
couraged by this change, further irradiation 
was administered despite the persistent iritis. 

The dose of ultrasonic radiation was now 
increased to 3.0 w./cm.*/5 min., but the 
coupling was changed to a rubber condom 
filled with degassed water and coated with 
petrolatum. Ten such doses were admin- 
istered 

After the fifth treatment the optic disc and 
the macula were well visualized. Optic atro- 
phy and two lesions of the macula were ob- 
served. Progressive clearing of the vitreous 
was noted through the seventh dose. No 
other change was noted other than miosis 
which may have been due to edema of the 
iris. 

During the treatments the patient experi- 
enced only a slight sensation of warmth and 
tingling, but no pain. The ocular tension 
dropped following each treatment. This may 
have been due to the weight of the trans- 
ducer pressing upon the eye. The iritis per- 
sisted but was composed primarily of large 
cells (suggestive of displaced pigment) with 
no flare. The cellular element of the iritis 


did not respond to intensive cortisone ther- 
apy. Upon conclusion of this series of treat- 
ments, there remained a large vitreous 
opacity. When this mass floated up, the 
fundus could be seen behind it. 

Forty-two days after the last radiation, 
+4.0 cells were still present in the anterior 
chamber. The density of the vitreous opaci- 
ties seemed to be increasing so that it was 
again difficult to view the fundus. 

Another course of radiation was advised, 


but the patient failed to return. 


DIscussION 

The sensations which the patient experi- 
enced closely paralleled those described else- 
where in the literature. No glaucoma or cata- 
ractous changes were produced during the 
period of observation. Whether the cells in 
the anterior chamber represented a true iritis 
or merely the displacement of pigment is a 
question which cannot be answered, other 
than to state that cortisone had little influ 


ence upon it. 


X. CONCLUSIONS 
Ultrasonic radiation within the “safe” tis 
sue dose does not influence the rate of ab- 
sorption of vitreous hemorrhages in the 
rabbit. Greater intensities of ultrasonic en- 
ergy produce only a slight acceleration of the 
rate of absorption. Liquefaction of the vitre 
ous by the injection of hyaluronidase, fol- 
lowed by ultrasonic radiation, did not modify 
the rate of absorption. The differences be- 
tween the results obtained in the human and 
the rabbit may be explained in part by hy- 
pothecating that in the human ultrasonic 
radiation may simply dislodge and fragment 
the vitreous opacity (as this may be ac- 
complished at low levels of ultrasonic radi- 
ation) thus reducing the degree of opacifica- 
tion. Whether other and what other mecha- 


nisms may contribute to these differences 


cannot be definitively answered at this time. 

In the human, temporary visualization of 
the fundus was possible, but total clearing 
did not occur. Ultrasonic radiation of the 
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human eye with a massive, persistent vitreal 
hemorrhage should for the present be at- 
tempted only in hopeless cases in which other 
forms of therapy have failed. 

Current studies have demonstrated that 
the lens absorbs large quantities of ultra- 
sonic energy and that erythrocytes possess 
resonant modes at which they are especially 


susceptible to lysis even at low energy levels. 


$y rotating the lens out of the path of a 
focused ultrasonic beam of the correct fre- 
quency increased lysis of erythrocytes might 
be produced without damaging the eye. 
These methods of application are to be in- 
vestigated and may yield more positive re- 


sults. 


333 King Street. 
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Experiments on disappearance of red 


DISCUSSION 


Dr. Lupwic von SALLMANN (Bethesda, Mary- 
land): Dr. Baum has extended his studies of the 
use of ultrasound in ophthalmology to an area 
which remains to be linked to one of the most 
pressing therapeutic problems of eye disease. No 
doubt any experimental means that 
promise to speed the resorption of blood or other 
from the deserves 


search for 


pathologic deposits vitreous 
credit, particularly when such search is carried out 
with a critical attitude and the results interpreted 
with caution, as in the study by Dr. Baum. 

My contact with investigations of this kind is 
limited to a few unpublished experiments of Anthony 
Donn, who aimed to disrupt hemorrhagic mem- 


branes and dense strands in the rabbit’s vitreous 
with a focused ultrasound beam. He failed to ob- 
tain positive results, and in addition demonstrated 
widespread damage to the retina after a reflecting 
medium has been introduced into the vitreous cham- 
ber prior to the irradiation. 

I do not know whether Dr. Baum’s proposed 
technique will circumvent such retinal injury, nor 
can it be predicted whether hemolysis of red cells 
or liquefaction of vitreous can be accelerated in 
vivo with a safe technique. The observations of 
other workers in this field make the outlook dim 
as far as the human eye is concerned. 

I am sure Dr. Baum is aware of the report of 


= 
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Funder, which indicates that the results of ultra- 
sound treatment on patients were question- 
able at best, and that the damage to surface struc- 
tures, particularly degenerative changes of super- 
ficial vessels as well as relapses of vitreous hemor- 
rhages, could not be avoided. 

Several years ago Dr. Gruen of the 
department told me that these signs of injurious 
side effects, the recurrence of vitreous hemorrhages 
during and possibly due to the treatment, and the 
unimpressive improvement of the condition in a few 
patients, were the reasons for discontinuing further 
ultrasound therapy for vitreous hemorrhages. 

A change of technique might provide more favor- 
able conditions, but a plea should be made for serial 
sectioning, of experimental eyes to exclude retinal 
and especially when use of a 
focused ultrasonic beam is contemplated. 

Finally, Dr. Baum indicated in this paper the 
difference of the vulnerability between the normal 
and the with a 
This must be kept in mind in selecting 
I think this is a point 


seven 


Same eye 


vascular damage, 


animal eye human eye diseased 
vasculature 


a so-called safe dose level 


OCULAR EFFECTS OF 


Paut A. 


BAUM 


that Baum’s 
paper 

Dr. Gripert Baum (closing): I 
Dr. von Sallmann for his comments 

Because of limited time in which I could deliver 
this paper I have had to eliminate the caution note 
contained in the text 

The work of Donn and others has been discussed 
in previous papers. Donn used such high intensi- 
focused ultrasonic irradiation that damage 
The 


I re- 


should perhaps be stressed in Dr 


wish to thank 


ties of 
was unavoidable under this set of conditions 
low energy levels used in the experiments 
ported did not produce any damage in the posterior 
segment of the eye and at very low intensities no 
ocular damage was produced 

Human _ erythrocytes 
at which lysis can be produced at low energy levels 


possess resonant modes 


The lens absorbs large amounts of ultrasonic en 
ergy. By operating at the resonant mode of the 
erythrocyte and rotating the lens out of the path 
of the ultrasonic beam, we may be able to produce 
lysis of intravitreal erythrocytes by such low en 
ergy levels that no permanent damage is produced 


SYSTEMIC SIDEROSIS* 


Creis, M.D., Etmer B. Brown,* M.D., anp Sync-Mi1n Hone, M.D. 


Saint Louis, Missouri 


INTRODUCTION 


The term “siderosis bulbi,” as introduced 
by Bunge’ in 1890, refers to ocular changes 
incident to the prolonged retention of iron- 
containing foreign bodies in the eye. There 
are, to the best of our knowledge, no reports 
available of ocular effects associated with 
systemic siderosis. 

Systemic siderosis may be defined as the 
sequelae of abnormally high concentrations 
of iron in blood and tissues. This can be 
induced by systemic administration of iron 


*From the Department of Ophthalmology and 
the Oscar Johnson Institute and Department of 
Medicine, Washington University, School of Medi- 
cine. This research was supported in part by a grant 
from The National Society for the Prevention of 
Blindness, Inc., 1790 Broadway, New York, New 
York, and by Research Grant H-22 from the Na- 
tional Heart Institute, United States Public Health 
Service. 

* Fellow in the 
search Council. 


medical sciences, National Re- 


compounds,? ingestion of large amounts of 


6 


dietary iron (as observed in Bantu natives,’ 


or by a general overload of the body with 


iron liberated from hemoglobin in cases of 


7.9 


multiple blood transfusions (systemic 
hemosiderosis). The pathologic changes in 
such cases may resemble those of idiopathic 
hemochromatosis. They have been observed 
exclusively in human beings and may be 
associated with liver cirrhosis and rarely 
diabetes. 

Many unsuccessful attempts have been 
made to reproduce hemochromatosis in ani 
mals. The experimental work in this field has 


and 


been reviewed recently by one of us 
an extensive study of iron-overload in dogs 
has been performed. This study was de 
signed to avoid the objections to previous 
studies by using larger doses of iron and by 
prolonging the period of observation for as 
long as seven years. No changes were found 
which resembled hemochromatosis. During 


OCULAR 


EFFECTS OF SYSTEMIC SIDEROSIS 


TABLE 1 


EARLY EFFECTS OF INTRAVENOUS ADMINISTRATION OF SACCHARATED IRON OXIDE IN DOG EYES 


Period 
Num of 
ber of Treat- 
Injec ment 
tions 


Total 
Dose 
gm 


Single 
Dx se 
(mg 


kg 


lime 
of 
Death 


Animal 
Number 


days 


1 hr. 


4 hr 
8 hr. 
1 da. 
4 da. 


24 da. 
4 mo. 
7 mo 
Alive 
Alive 
Alive 
\live 


wh 
* 


* Identical with dog 1 in Table 2 
t Normal Fe content in dog eye 0.01 (Av 


this study, however, it was observed that 
dogs kept for a period of about four years 
after systemic administration of iron ex- 
hibited signs of impaired vision. This ob 
servation initiated the present investigation 
of the ophthalmologic aspects of experiment 


ally induced systemic siderosis. 


MATERIAL AND METHODS 


Healthy, full-grown mongrel dogs from 
different litters were subjected to repeated 


intravenous injections of saccharated iron 


oxide* or multiple transfusions of compati 


Lens 


as compared to 0.02 mg. 


Content 
of Fe 
in eyet 
(mg. / 
gm. wet 
weight 


Degree of Gomori’s Iron-Stain in 
Pig- 
ment 
Epi- 

thelium 


Uvea Retina Blood 


+ + 


0.0154 
(retina) 

0.0067 
0.0081 
0.0059 
0.0055 


0.0053 
0.0197 


gm. wet weight in brain. 


ble blood. The weight of the animals varied 
from 5.9 to 17.5 kg. The total doses of iron 
administered over a period as long as 300 
13 mg. to 2.5 
gm./kg. body weight. Pertinent data refer- 


days ranged from about 


ring to the individual amounts are given in 
Tables 1, 2, 


The examinations of the fundi were per- 


and 3. 


formed with direct and indirect ophthalmos- 
copy. The animals were killed and the eyes 
* The 


rivenin-Benger’s Ltd. lot No 


commercial preparations used were Fer- 
10369 


rABLE 2 


DELAYED EFFECTS OI 


Num- Period 
ber ot 
of In- 
yec ment 


Total 
Animal ; Dose 
Number Meo.) 


rime 
lreat- of 
Death 


mo. 
yr. 
yr. 
yr. 
yr. 
yr. 


; 


Animals 41-4 
let 10369, “Inferon” 


received commercial preparation of saccharated iron oxide (‘‘Ferrivenin” 
; animals 5 and 6 transfusions of matched blood. 


PROLONGED INTRAVENOUS ADMINISTRATION OF IRON* IN DOG EYES 


Content of 
Iron 


Degree of Histopathologic Change 


Pig- 

ment 

Epi- 
thelium 


Fe- 
Stain 


mg. / 


Lens Uvea Retina gm. 


+ 


0.18 
0.27 
0.02 
0.02 
0.02 


4+ 


Hit +++ 


+ 

+ 
4. 
4 


+ 


| 


Benger’s Ltd. 
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7 40 0.04 1 mz 4 +) 
8 40 0.04 1 
9 40 0.04 (4 4 
10 40 0.04 1 (4 
11 40 0.04 1 4 
Granular 
20 0.72 36 72 1 4 } 
13-18 2.5 143 195 1. 4 4 
20 0.8 40 80 
20 0.84 42 84 
20 0.84 4? 84 
20 0.84 4? R4 
- tions days 
13.0-18.0 2.5 143 195 7 
2 9.0-27.0 0.51 37 55 6 4 
3 14.0-34.0 1.04 43 66 - + +4 + + 
4 13.0—-27.0 0.91 44 7 + 4 4+ 
5 8.9 0.47 53 180 6 = + + 4 4 
6 6.4 0.47 73 315 7 + + 4 4. 4+ na 
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TABLE 3 


STAINABILITY FOR IRON IN THE CILIARY PROCESS OF 
RABBITS AFTER A SINGLE INTRAVENOUS INJEC- 
TION OF 200 MG. OF SACCHARATED IRON OXIDE 


Granular Iron 
Deposits in 
Histiocytes 

or Endo- 
thelium 


Diffuse 
Stromal 
Stain for 

Iron 


Time of 
Death 


Number 


of Rabbit 


1 hr. 
2 hr 
4 hr. 
8 hr. 
24 hr. 
2 da. 
4 da. 
7 da 
10 da. 
14 da. 


+ +++ 


1 hr. to 14da.(+)to++ + to ++ 


enucleated immediately following death. The 
right eyes were fixed in 10-percent formalin 
or Zenker’s solution. The histologic sections 
were bleached and stained with hematoxylin- 
eosin and Gomori’s Fe-staining technique.” 
As counterstain in the latter technique, a 
one-percent aqueous solution of nuclear fast 
red (Masson’s Biebrich Scarlet)** was em- 
ployed. The left were thoroughly 
cleaned of adherent tissue and prepared for 
chemical analysis of their iron content. Di- 


eyes 


luted samples of entire eyes were analyzed 
colorimetrically using a potassium-thiocy- 
anate—method as described by Moore et al.” 

The eyes of five normal mongrel dogs of 
equivalent age were used as controls in the 
study of the histopathologic changes. 

In another series of experiments, 16 al- 
bino rabbits were subjected to a single in- 
travenous injection; six other albino rabbits 
were given repeated injections of 200-mg. 
saccharated iron oxide.* The animals were 
Tables 3 and 4. Their 


eyes were prepared in the same manner as 


killed as indicated in 


those of the dogs. 

Histologic sections of two human eyes, 
obtained in autopsies of patients treated with 
repeated blood transfusions for severe 

*Dr. Tsuyoshi Yamashita assisted in the per- 
formance of these experiments. 


anemia, were stained with Gomori’s tech- 
nique and examined for ocular signs of sys- 


temic hemosiderosis. 


RESULTS 
I. OPHTHALMOSCOPIC OBSERVATIONS 

Ophthalmoscopic examination of the ani- 
mals subjected to intravenous injections of 
saccharated iron oxide (table 1, dogs 7 to 
18) revealed no changes of significance dur 
ing the period of injections and thereafter 
for seven months. At about this time, attenu- 
ation of the blood vessels appeared in one of 
the seven dogs subjected to repeated iron in 
jections. 

Optic atrophy and degenerative changes in 
the retina were present in all dogs observed 
for five years or more (table 2). The oph- 
thalmoscopic appearance in these cases re- 
sembled that of siderosis bulbi and retinitis 
pigmentosa, Similar changes have appeared 
in the two dogs which had received repeated 
transfusions of blood (5 and 6 in table 2). 
In addition, four of the six long-term dogs 
exhibited an asteroid hyalitis. Two dogs (2 
and 3) also showed cataractous changes con- 
sisting of vacuoles of small or medium size 
located particularly in the post equatorial 
area. Siderotic discoloration of the refractive 
media or uveal tissues was not recognized 
with the hand slitlamp or ophthalmoscope. 
Unfortunately, due’ to the fact that the initial 
observations were made on dogs six years 
after iron administration, the progression of 
changes between one and six years remain 
to be defined. Animals 15 through 18 (table 
2) will be kept under further observation to 
fill this gap. 


Il. HistoLoGic CHANGES 


Before describing the histologic changes 
observed in the eyes of the dogs exposed to 
systemic siderosis or hemosiderosis, a review 
of some histo-anatomic features of the normal 
dog eye might be relevant. Figure 1 is a 
photomicrograph of the retina of a normal 
dog. Its neural structure is similar to that 
of a human retina. The retinal pigment epi- 
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10 

Total 

10 
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TABLE 4 
DISTRIBUTION OF SIDEROSIS IN OCULAR STRUCTURES OF RABBITS AFTER SINGLE OR REPEATED 
INTRAVENOUS INJECTIONS OF 200 MG. OF SACCHARATED IRON OXIDE* 
Cytosiderosist 
Number of | Total Dose of Time of Plasma 
Rabbits Iron (mg Death Siderosis . Ciliary . 
Iris Processes Choroid 
1 250 2 da oa +4 (+) 
1 400 2 da. + +4 + +++ t{-+ 
1 600 3 da + + + ++++ + 
1 800 4 da s+ + +++4 + 
1 1000 5 da +- + + ++++ ++ 
1 1200 6 da ++ + ++++ ++ 
2 200 3 wk (+) 
2 200 4 wk — (+) _ 
2 200 6 wk (+) 
12 200 to 1200 2 da. to 6 wk. -~ to ++ — to + (+) to —to¢+ + 
++4 +4 


* The repeated injections have been given in doses of 200 mg. a day 


hours after the last injection 


. The animals were killed six to eight 


t Retina, optic nerve, and cornea were free of iron deposits. 


thelium and choroid, however, are distin 
guished by an architecture which differs 
quite characteristically from that of human 
eyes. The choriocapillaris is relatively poorly 
developed and closely attached to the base of 
the pigment epithelium. The lumen of the 
choriocapillaris is so fine that passage of 
more than one erythrocyte at a time seems 
to be unlikely. The choriocapillary network 
is fed by slightly larger vessels which origi- 
nate from major choroidal vessels which 
pass perpendicularly through the lamellae of 
the tapetum lucidum. There, they form pillar 
like structures which are surrounded by con 
nective tissue (fig. 2). The schematic draw- 
ing of Figure 3 may help to illustrate the 
anatomic situation as it appears in the dog 
the of The 


vessels in these pillarlike structures appear 


eye in area tapetum lucidum. 
to be particularly prone to obliteration due to 
swelling of the endothelial cells engorged 


with phagocytized hemosiderin. 


SINGLE INJECTIONS OF SACCHARATED IRON 


PATHOLOGIC CHANGES FOLLOWING 


OXIDE 

Six dogs (table 1) and 10 rabbits (table 
a single intravenous 
One 


hour after the injection, sections stained 


3) were subjected to 


injection of saccharated iron oxide. 


with Gomori’s technique exhibited a diffuse 
bluish color of the plasma (plasma sidero- 
sis) (figs. 4 and 5). The intensity of this 
blue stain of the plasma decreased with time 
and was hardly noticeable in the eight-hour 
sections. At that time, however, the ground 
substance of the choroid and ciliary proc- 
esses displayed a diffuse stainability for iron 


(Cibis, Brown and Hong) 


Fig. 1 Retina and 
choroid of normal (Formalin [10 percent], 
hematoxylin and eosin, 250.) 


dog. 


— 
> Bide. 
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Fig. 2 (Cibis, Brown, and Hong.) Histologic 
section of cellular tapetum lucidum, retinal pig- 
ment epithelium, and outer layers of retina of a 
normal dog. In the center, pillarlike connection be- 
tween choroid and choriocapillaris traversing at an 
angle of about 15 degrees to the perpendicular 
radius forming the so-called stellulae of Winslow. 


(Hematoxylin and eosin, 600.) 


which persisted for about 24 hours. Very 
small amounts of iron were also detected in 
the pigment epithelial cells of the ciliary 
processes and the retina at this time (cyto- 
siderosis ). 

In the sections made on the fourth day 
after the diffuse 
stromal stain had almost vanished. Only 


the injeection or later, 


Fig. 3 (Cibis, Brown, and 
Hong). Schematic drawing of an- 
atomic and histologic relationship 
between choroid and _ choriocapil- 
laris at site of the cellular tapetum 
lucidum. (LE) External limiting 
membrane (BL) Bacillary layer. 
(PE) Pigment epithelium. (TL) 
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granular iron deposits remained (fig. 6). In 
the ciliary processes they were located in the 
endothelial cells of the capillaries and stromal 
histiocytes. The amount of granular iron de 
posits slowly decreased with time. However, 
even after months iron-stained granules were 
still present. No siderin was noted in the 
neural structures. This seems to be of some 
significance since retinal degeneration repre 
sents a common feature of the late changes 
in systemic siderosis produced by repeated 
intravenous injections of saccharated iron 
oxide. Inflammatory reactions to iron were 


not apparent at any time. 


CHANGES FOLLOWING RE 


SACCHARATED IRON 


PATHOLOGK 
PEATED INJECTIONS O1 
OXIDE 
The histopathologic changes observed in 

the cases of repeated intravenous injections 

of saccharated iron oxide occurred in three 
more or less distinct phases: 

A siderotic-nondegenerative or early 
phase, where stainable iron is present but 
without evident damage to tissues. 

2.A siderotic-degenerative or intermediate 


phase, where stainable iron and tissue dam- 


age are present. 
3. A 


phase, where tissue damage has occurred but 


nonsiderotic-degenerative or late 
no stainable iron is present. 

The transformation from one phase to the 
next overlapped and therefore the above 


classification has limited usefulness. A simi- 


Tapetum lucidum cellulare with 
lamellar structures of the cell walls 
penetrated by pillars of connective 
tissue with capillaries connecting 
choroidal vessels with the chorio- 
capillaris. (V) Vessels in choroid. 
(Ch) Choroidal tissue with heavily 
pigmented chromatophores 
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lar classification can also be applied to the 
pathologic changes which are associated with 
or follow other forms of siderosis or hemo 
siderosis bulbi. 

The 


changes in the early phase of systemic sid- 


siderotic-nonde generative ocular 
erosis following repeated intravenous injec- 


tions of saccharated iron oxide resemble, 
from a qualitative viewpoint, those observed 
in cases of single injections. From a quanti- 
tative viewpoint, however, there were signif- 
icant differences noticeable. In animals with 
repeated injections, the stroma of the uveal 
tissue stained more intensely and the granu 
lar iron deposits in the endothelial cells and 
stromal histiocytes were present in greater 
amounts even several months after the last 
injecion (1 and 13). The terminal branches 
of the 


arteries were a preferential site of the granu- 


short and long posterior ciliary 
lar iron deposits. In many places the swell- 
ing of the iron-laden endothelial cells in the 


choriocapillaris was so great that passage 


* 


Fig. 4 (Cibis, Brown, and Hong) 
tapetum lucidum cellulare of a four hours 
after intravenous injection of saccharated iron 
oxide (40 mg./kg.). Gomori’s iron stain. A clot 
of diffusely iron stained plasma protein fills out 
traversing the tapetum as in- 

(Doge & «600 ) 


Choroid and 


dog, 


the capillary vessel 


dicated by the arrow 


EFFECTS OF 


SYSTEMIC SIDEROSIS 


Fig. 5 (Cibis, Brown, and Hong). Retina of dog 
one hour after intravenous injection of saccharated 
iron oxide (40 mg./kg.). Gomori’s iron stain. Note 
intensity of diffusely plasma protein in 
retinal vessel indicated by arrow. (Prussian blue 
330.) 


stained 


reaction, 


(Cibis, Brown, and Hong) 
endothelial 


Fig. 6 Granular iron 
deposits accumulated in the 
capillaris and stromal histiocytes of the ciliary proc- 


cells of 


esses, seven days after a single intravenous injec- 
tion of saccharated iron oxide (40 mg./kg.). (Al- 


bino rabbit. Gomori’s iron stain, x 330.) 
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of blood cells appeared impossible. Particu- 


larly noteworthy is the fact that some of the 


blood vessels passing through the pillar- 
like structures in the tapetum lucidum ap- 
peared completely obstructed. 

Fine granular deposits were also found 
in the pigment epithelial cells of the retina 
and the ciliary processes. Iron granules have 
also appeared in considerable numbers within 
the cytoplasm of the chromatophores of the 
choroid and the ciliary processes (fig. 7). 
With the exception of the cytoplasmic swell- 
ing in some of the ganglion cells (fig. 8), the 
neural elements of the retina appeared nor- 
mal for as long as seven months. At this 
time, however, such degenerative changes 
as cytoplasmic swelling, beginning pallor of 
the pigment granules, and occasional pro- 
liferation of the pigment epithelial cells be- 
gan in the pigment epithelium. The pathology 
at this stage had entered the phase of sider- 
otic-degenerative changes. 

Due to the circumstances under which this 
study had been started, we are, at the pres- 
ent time, not in a position to present data 
concerning the various steps in the develop- 
ment of the degenerative changes in retina, 
pigment epithelium, and choroid which lead 
to the 2ppearance of the late stage, five to 
seven years after conclusion of the injections 


(table 2). 
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Fig. 7 (Cibis, Brown, and 
Hong). Posterior aspect of the an- 
terior left) and an 
terior aspect of the posterior seg- 
ment (at right) of the eye of an 
albino rabbit killed about eight 
hours after the last injection of 
200 mg. iron given daily over five 
days. Gomori’s stain for iron. Cili- 


segment (at 


ary processes heavily stained, uvea 
moderately stained, and retina and 
iris free of stain except the retinal 
vessels. Lens has been removed. 
Note artificial detachment of retina 
in the upper half at left segment 


V. LATE PATHOLOGIC EFFECTS OF PROLONGED 
SYSTEMIC SIDEROSIS 
The histologic examination of four dogs 
killed six to 
administration of 


which had been seven years 


after intravenous sac- 


charated iron oxide, and of two dogs sub- 
jected to multiple blood transfusions (table 


2), revealed most interesting pathologic 


Fig. 8 (Cibis, Brown, and Hong). Retina of dog, 
after repeated intravenous injec 
tions (143) of saccharated iron oxide (2.5 gm 

kg.). Cytoplasmic swelling of ganglion cells. (Dog 
1 of Table 1. Hematoxylin and eosin, x 440.) 


seven months 
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changes. The retina was found to be com- 
pletely degenerated in all cases. Figure 9 
represents a photomicrograph of the pos- 
terior segment showing atrophy of the optic 
nerve and gliosis of the adjacent retina. 
Figure 10 demonstrates the loss of the neural 
elements and advanced gliosis with migration 


of pigment cells into the retina. 


The pigment epithelium itself displayed 


signs of dystrophy in all advanced cases. At 
many places, it vanished completely or was 
transformed into migratory cells which sur- 
rounded the blood vessels in the retina. The 
degenerated retina, in general, appeared 
fused with the underlying choroid wherever 
the pigment epithelium had disappeared. 
Proliferation and hypertrophy of degen- 
erated pigment epithelial cells were found in 
some sections (fig. 11); drusenlike deposits 
of eosinophilic staining material were seen 
in others (fig. 12). The pigment in the re- 
maining epithelial cells appeared paler as 
more degeneration and atrophy of the retina 
had progressed, 

Relatively small amounts of granular iron 
deposits were found at the late stage of 


retinopathy in the sections stained with 
Gomori’s Fe-stain (fig. 13). Only in a few 


cases were clumpy iron deposits detected in 


Fig. 9 (Cibis, Brown, and Hong). Atrophy of 
optic nerve and degeneration of the tapetal 
retina of a dog, seven years after repeated intra- 
venous injections of saccharated iron oxide (1.04 
gm./kg.). (Dog 4. Hematoxylin and eosin, x60.) 


EFFECTS OF 


SYSTEMIC SIDEROSIS 


Fig. 10 (Cibis, Brown, and Hong). The same 
Figure 9. Complete degeneration of the 
advanced gliosis, and degeneration of the 

epithelium. (Hematoxylin and 


eye as 
retina 

pigment 
<x 600. ) 


eosin, 


endothelial cells of the choriocapillaris and 


in tributary vessels passing through the 


Fig. 11 (Cibis, Brown, and Hong). Complete 
degeneration of the retina of a dog about seven 
years after repeated intravenous injections of sac- 
charated iron oxide. Note proliferation and hyper- 
trophy of retinal pigment epithelium in area indi- 
cated by arrow. (Dog 4. Hematoxylin and eosin, 
x 60.) 
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Fig. 12 (Cibis, Brown, and Hong). Drusenlike deposit formed around degenerated retinal pigment 


epithelial cell displaced in 


the completely degenerated retina 


Degeneration of the pigment epithelium; 


atrophy of the choroid. (Dog 4. Hematoxylin and eosin, x 600.) 


Fig. 13 (Cibis, Brown, and Hong). Black and 


white photomicrograph of an eye section stained 
with Gomori’s iron stain about seven years after 
repeated intravenous injections of saccharated iron 
oxide. Accumulation of granular iron within macro- 
phages or endothelial cells of the choriocapillaris 
indicated by arrow (Dox 6, 800.) 


pillarlike structures in the tapetum lucidum. 
Similar deposits were also found in pigment 
epithelial cells of retina and ciliary body, 
and to a lesser degree in stromal histiocytes 
of ciliary processes and endothelial cells of 
Schlemm’s canal. The trabecula sclerae ap 
peared degenerated. No Fe-stain was detecti- 
ble in the retina, lens, iris, and cornea. 

The amount of stainable iron found in the 
ocular tissues after six or more years was 
small and not at all comparable to the marked 
iron deposits observed in dogs killed within 
the first year after initiation of the pro- 
longed systemic administration of saccha- 
rated iron oxide. However, the chemical 
analysis revealed significantly elevated iron 
concentrations in two cases (2 and 3) in 
which the iron values exceeded the average 
for a normal dog by factors of 18 and 27, 
respectively. 

A chemical analysis of various structures 
in one eye of a dog (4 of table 2), whose 
other eye showed retinal degeneration, is 
given in Table 5, The greatest amount of 
iron was found in the anterior segment, a 
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rABLE 5 


IRON CONCENTRATION OF OCULAR STRUCTURES 
OF DOG 4 IN TABLE 2 


Con- 
Wet Weight _!ron Con 
centration 


I issue m 

(mg./gm.) 
0.00984 
0.00193 
0.02030 
0.00635 


Lens 

Vitreous 

Anterior segment 
Posterior segment 


Total 0.00836 


finding which is in good agreement with the 
g 

histologic observation of iron accumulation 
preferentially in the ciliary body. 
EFFECTS OF PRO 


VI. Lat 


LONGED SYSTEMIC 


PATHOLOGIC 
HEMOSIDEROSIS 


As has been mentioned previously, re 
peated transfusions of compatible blood pro 
duced the same changes in two dogs (5 and 
6, table 2) as repeated intravenous injections 


of saccharated iron oxide (figs. 14 and 15). 


This observation prompted us to search for 


ocular defects in human patients subjected 
to repeated blood transfusions prior to death. 
Figures 16 and 17 represent photomicro 


graphs of an eye obtained at autopsy from 


a patient who had received about 150 blood 


during treatment for severe 


Complete 


transfusions 


aplastic anemia. obstruction of 


Fig. 14 (Cibis, Brown, and 
Hong). Degenerated retina of dog 
6, seven years after multiple blood 
transfusions equivalent to a total 
body iron concentration of 0.47 
gm./kg. body weight. In the center 
of the retina is an oblique section 
of a hyalinized blood vessel. De- 
generation of the retinal pigment 
epithelium. Pigment containing cells 
in retina and around the blood ves 
sel (Hematoxylin and 


330.) 


eosin, 


capillaries in the retina and the choriocapil- 
laris could be detected in almost every sec- 
tion stained for iron. 

The main site of iron deposits in a granu- 
lar form was in the endothelial cells or 
macrophages which appeared swollen and 
distorted to spheric or hemispheric forma- 
tions (fig. 18). Another site of preference 
for the accumulation of iron was the peri- 
vascular tissue in the choroid. Of great in- 
terest is the fact that a considerable amount 
of granular iron in smaller particles could 
be seen in bleached sections within the epi- 
thelial cells of the ciliary processes and pars 
plana (fig. 19). Only very small amounts of 
iron were seen within the pigment epithelium 
of the retina. The neural elements of the 
retina were not affected at the stage of sys- 
temic hemosiderosis at which the patient suc- 
cumbed. 

In the absence of evidence for degenera- 
tive changes, this eye could be classified as 
siderotic-nondegenerative. Further evidence 
for the potentially deleterious effects of iron 
liberated from the blood either in cases of 
systemic hemosiderosis or intraocular hemor- 
rhages will be the subject of a later publica- 


tion. 
DISCUSSION 


The essential observation here reported is 


a 


PAUL A 


that systemic siderosis as well as hemosider- 
osis, induced either by repeated intravenous 


injections of saccharated iron oxide or by 


multiple blood transfusions, resulted in de- 
generative ocular conditions which closely 
resemble those seen in siderosis bulbi and 
retinitis pigmentosa. All three of those con- 


Fig. 16 (Cibis, Brown, and Hong). Retina of 
patient with severe aplastic anemia treated with 
150 blood transfusions. Gomori’s iron stain show- 
ing iron deposits blocking the lumen of capillaries 
in the retina and choriocapillaris as indicated by 
arrows (150). 
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Fig. 15 (Cibis, Brown, and 
Hong). The same as Figure 14 
Hyalinization of a small 
the periphery of the retina. Com- 
plete degeneration of the retinal 
pigment epithelium. Phagocytes 
with pigment and retinal pigment 
epithelial cells in the retina. Tape 
tum lucidum in direct contact with 
the retina. (Hematoxylin and eosin, 


< 330.) 


vessel in 


rey 
=. 
x 


ditions have in common slow and insidious 
degenerative changes in retina, pigment epi- 
theilium, and choroid. Not infrequently they 
terminate in blindness. 

It is of prime interest that in cases of sid 
erosis bulbi caused by an intraocular foreign 


body containing iron, the dissemination of 


Fig. 17 (Cibis, Brown, and Hong). Same patient 
as in Figure 16. Gomori’s stain of bleached section 
showing multiple thrombuslike 
granular iron in capillaries of the retina, the chori 
chromatophores of the 


accumulation of 


ocapillaris, and choroid 


(x 300) 
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Fig. 18 (Cibis, Brown, and Hong). Same pa 
tient as in Figure 16. Macrophages and endothelial 
cells in choriocapillaris showing big clumps of iron 
in the cytoplasma. (Gomori’s iron stain, 880.) 


dissolved iron in the ocular tissues precedes 
the degenerative changes by a considerable 
period of time, sometimes amounting to 
many years. The same seems to be true in 
cases of ocular pathology produced by sys- 
hemosiderosis. Conse 


temic siderosis or 


quently, the term “siderosis bulbi” does not 
necessarily imply that functional and patho- 
logic disturbances must be found in obliga- 
tory association with iron depositions in the 


eye. 


3rown, and 
Figure 


Fig. 19 (Cibis, 
Hong). Same patient as in 
16. Ciliary processes with a great 
number of deeply stained granules 
of iron within the epithelial cells 
and, to a stromal 
histiocytes stain, 


150.) 


lesser degree, 


(Gomori’s iron 


For that reason, an attempt has been made 
to distinguish between (1) a siderotic-non- 
degenerative phase, that is, a condition of 
siderosis without functional or histologic 
manifestations of ophthalmopathy; (2) a 
siderotic-degenerative phase, that is, a con- 
dition of visible siderosis associated with 
signs of ophthalmopathy presenting them- 
selves in the form of retinal, choroidal, iri- 
dal, or lenticular changes (retinopathy, cho- 
roidopathy, iridopathy, phakopathy) ; (3) a 
nonsiderotic-degenerative phase or siderog- 
enous ophthalmopathy without signs of sid- 
erosis in the ocular tissues. Many eyes fall 
into borderline conditions or overlapping 
classifications, however. 

The question may be raised whether the 
amount of iron administered in our experi- 
ments is comparable to the amount of iron 
reported in the literature in cases of intraocu- 
lar foreign bodies and siderosis. Siderotic 
ocular changes have been reported by Huette- 
mann,** Schigtz,*° Rychener,** and others in 


cases in which the weight of the intraocular 


steel splinters found amounted to 0.18 and 


0.45 mg., respectively. Assuming an average 
weight of the eye of 7.0 gm., the potential 
amount of iron would have been in Huette- 
mann’s and Schigtz’s cases 0.025 and 0.065 
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mg./gm. ocular tissue. Such a computation 
would imply that all iron would have been 
available in a soluble form and evenly dis- 
tributed. 

As summarized in Table 2, the amount of 
soluble iron administered intravenously in 
our long-term experiments ranged from 0.47 
to 2.5 mg./gm. body weight. Furthermore, 
considerably higher concentrations than the 
average figures given may have been reached 
in certain tissues with special affinity for 
iron. 

At the time of death, two out of five of 
the long-term animals revealed values of iron 
in the ocular tissues which measured 18 to 
27 times the normal values, whereas the re- 
maining animals exceeded the average figure 
by only a factor of two. The iron values in 
the eyes in three of our long-term dogs can 
be considered significantly higher than nor- 
mal. The fact that the iron stain in the his- 
tologic sections of the same dogs does not 
correlate with the high values obtained by 
chemical analysis remains unexplained. 

The implications of the observations made 
so far are of prime importance from a clini- 
cal as well as theoretic viewpoint. It is our 
belief that many pathologic conditions asso- 
ciated with or following intraocular hemor- 
rhages are caused by the iron liberated from 
the hemoglobin. A current study of cases 
afflicted by intraocular hemorrhages and per- 
tinent experimental work has already pro- 
vided ample evidence for some relationship 
between hemosiderosis bulbi and secondary 
glaucoma and retinal degeneration. 

Of great interest for the evaluation of the 


presented data is the observation of blind- 
19) 


ness in dogs after distemper ( Formston 
According to Parry,”° it is probable that most 
cases of blindness associated with such in- 
fections are due primarily to the involvement 
of the visual system central to the retina. 
The same author, however, presented un- 
equivocal evidence that some cases were due 
to retinopathies associated with degeneration 
of the retina. Of the four main types of pri- 
mary distemper retinopathy reported by 
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Parry,”* only one can be considered as simi- 
lar to ours. It is this type which is distin 
guished by chronic generalized primary reti 
nopathy with gradual loss of day and night 
vision during a period of one to two years 
after the primary infection. Of the dogs 
used in our experiments, however, only dog 
17 had distemper. 

Hereditary conditions with similar patho- 
logic ocular manifestations were described 
by Parry®® in Irish setters. However, the 
same author** reported in a subsequent paper 
three cases of generalized progressive atro- 
phy of uncertain etiology in Irish setters in 
which there was no evidence of heredity, 
or of distemper-complex virus infections, or 
glaucoma. The cases were of two types, first, 
a familial type with two of three litter mates 
involved, and, secondly, an idiopathic type 
with no pertinent medical history. In the first 
type, the dogs were blind when they were 18 
months old. The histology of these cases re 
sembled those of hereditary atrophy as ob- 
served by Parry in the red Irish setters. The 
idiopathic type has been described by Parry 
as unsymmetric and of least severity over 
the peripapillary tapetal fundus. Cataractous 
changes in the lens were present in the late 
phases of both types. 

In a later publication, Parry®* described a 
central progressive atrophy of the retina 
with pigment epithelial dystrophy. In his 
series of 15 cases the dogs developed a cen- 
tral scotoma by early or middle adult life but 
retained normal peripheral photopic and sco 
topic vision for years. The principal features 
of the central atrophy were explained on the 
hypothesis of an “inadequate blood supply 
through the choroidal circulation from the 
short posterior ciliary arteries, followed by 
slow failure of the supply to the anterior 
parts of the choroid from the anterior ciliary 
arteries.” Such a hypothesis could well be 
applied to our cases, whereby the iron could 
be the potential factor responsible for the 
disturbance of circulation in the ciliary sys- 
tem. 

In this connection it may be pertinent to 
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mention that Racker and Krimsky** observed charated iron oxide or multiple blood trans- 
that iron salts like FeSO, inhibit glycolysis fusions in dogs can produce degenerative 
in the brain. They also observed that the ocular conditions closely resembling those 
Theiler FA strain of mouse encephalomyeli- seen in man with siderosis bulbi and retinitis 
tis virus produced inhibition of glycolysis in pigmentosa. 

direct proportion to the iron content of the Siderotic deposits are demonstrated in the 


virus. The observation as well as others re- retina, retinal pigment epithelium, chorio- 


rarding the production of retinopathy simi capillaris, and ciliary body of a patient 


lar to retinitis pigmentosa and siderosis bulbi treated with multiple blood transfusions for 
by agents like lodoacetic acid ( Noell****) aplastic anemia. 

and ionizing radiation**~** might indicate that A classification for the experimental and 
related mechanisms are affected in these clinical observations is presented which cor- 
cases of unrelated etiology relates siderosis and hemosiderosis with the 


degenerative changes observed histopatho- 
logically. 


Repeated intravenous injections of sac 640 South Kingshighway (10) 
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DISCUSSION 


Dre. Daviw G. Cocan (Boston): I found this 
paper on siderosis bulbi of great interest. Most of 
it was new to me. Stimulated by the authors’ ex- 
periments, I reviewed the slides listed in my files 
as siderosis bulbi, and I can confirm the authors’ 
observations on the early changes in siderosis. The 
iron granules are first aggregated conspicuously in 
the endothelial walls of the blood vessels. I would 
like to demonstrate one resulting from a 
traumatic intraocular hemorrhage, that outlines the 
particularly clearly. The granules 
were undoubtedly siderotic. They did not bleach 
out with KMnO,; they were nonbirefringent; and 
they were unaffected by treatment by Schridde’s 
method for removing formalin artefact. Perle’s 
stain was positive in the immediate vicinity of the 
granules. The endothelium of the iris vessels and 
the corneal stormal cells similarly contained sid- 


case, 


vessel walls 


erotic granules. 

With siderosis of several months’ duration, I was 
impressed in my the occlusive vascular 
disease in the retina, and I would agree with the 
authors’ suggestion that many of the abnormal find- 
ings in the retina were due to this vascular com- 
plication rather than to direct intoxication of the 


cases by 


neural tissue 


I might take exception to one analogy which 
the authors make—that is, the alleged similarity of 
siderosis to retinitis pigmentosa. In this latter en- 
tity, the rods and cones disappear with their 
respective cell bodies selectively. Unless some other 
disease process supervenes, the inner layers of the 
retina are remarkably well preserved in retinitis 
pigmentosa, the pigment epithelium is only slightly 
altered morphologically, and the choroid is not 
usually affected at all. The authors’ findings in 
siderosis are of severe gliosis of the entire retina, 
fusion of the retina to the choroid, and constant 
changes in the pigment epithelium and choroid are 
unlike those of retinitis pigmentosa. On the other 
hand, they are like the changes seen after cutting 
off the choroidal and retinal circulation, familiarly 
seen after nasociliary neurotomy procedures, and 
are compatible with the thesis that the late 
changes of siderosis are attributable to vascular oc- 
clusion. 

This comment lessens in no way the importance 
of the authors’ contributions as regards siderosis, 
and I found their suggestion that retinal damage 
from hemorrhage may be a late manifestation of 
siderosis a most intriguing, as well as a likely pos- 
sibility 


THE TRANSFORMATION OF CORNEAL STROMAL CELLS 


TO 


FIBROBLASTS IN CORNEAL WOUND HEALING* 


VIRGINIA WErMaR, PH.D. 


Ne 


Inasmuch as the corneal stroma is avascu- 
lar and relatively acellular, it provides an 
especially valuable tool for studying the role 
of connective tissue cells in wound healing. 
It is usually stated that the fibroblasts found 
at the wound edge, and giving rise to the 
the 
fibers, migrate to the wound edge from nests 


formation of new connective-tissue 
of fibroblasts around capillaries. In wounds 
made in the center of the avascular cornea 
migrating cells can easily be observed. Fur- 
thermore, it can readily be calculated that 
fibroblasts cannot migrate rapidly enough 
from the limbal tissues to provide the source 
of the fibroblasts found at the wound edge 
of central corneal wounds. The fastest rate 
of migration observed for fibroblasts in vivo 
is 0.29 mm./day,* and it would thus require 
approximately 10 days for fibroblasts to mi- 
grate to the center of adult rat corneas, a 
distance of approximately three mm. There- 
fore, the fibroblasts found in central corneal 
wounds must arise from cells already present 
in the cornea or from cells which migrate at 
a more rapid rate and transform. For ex- 
ample, monocytes migrating at a rate of 0.35 
mm./hr.** could reach the center of the 
cornea in eight to nine hours. 

In the following experiments the normal 
pattern of healing in whole mounts of the 
corneal stroma is described. Evidence is pre- 
that 
transform into fibroblasts. 


sented to show corneal stromal cells 


PROCEDURE 


Adults rats weighing 250 to 400 gm. were 
used. The rats were lightly anesthetized with 
ether (about two minutes ) and, using a sterile 


*From the Department of Ophthalmology, Col 
lege of Physicians and Surgeons, Columbia Uni 
versity. This study supported by the Knapp Me- 
morial Fund. 


York 


Graefe knife, a wound approximately two 
mm. in length was made as near the center 
of the cornea as possible. 

Wounds of 0, 4, 6, 12, 24, 36, 48, 60, 72, 
84, 96, and 120 hours were studied. At the 
indicated experimental time periods the rats 
were killed with ether and the eyes enucleated 
and fixed in formalin-alcohol.t The epi- 
thelium was removed and the stroma dehy- 
drated, cleared and rehydrated for staining 
as previously described. The tissues were 
stained for approximately 12 hours in the 
following diluted solution of Giemsa‘: 10 
ml. distilled water; 0.4 ml. MclIlvaine-Lillie 
buffer,> pH 6.8; 0.1 to 0.3 ml. Giemsa. The 
intensity of staining varied from batch to 
batch of Giemsa, and with each new supply 
of Giemsa solution it was found advisable 
to do a few preliminary sections at different 
concentrations of stain. 
were 


the sections 


rinsed in distilled water, and passed for 10 


Following staining, 
minutes each through four changes of ab- 
solute alcohol. This was followed by rinsing 
for two minutes in 1:1 absolute alcohol-xylol 
and then two changes of xylol for two min- 
utes each. The sections were left in cedar 
wood oil* overnight, treated again with two 
two-minute changes of xylol, and mounted 
in Permount.! The sections tended to become 
bluish during dehydration and clearing but 
became lavender again when exposed to 
fluorescent light for a few hours, or upon 
standing for several days. 


RESULTS AND DISCUSSION 


During the first 24 postoperative hours the 


corneal stromal cells at the wound edge un- 


t LaMar Giemsa solution. 

t Fritzsche Brothers, Inc., obtained from A. H. 
Thomas, Philadelphia. 

{ Obtained from Fisher Scientific Company, New 
York. 
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Fig. 1 (Weimar). 0-hour wound. Normal corneal 
stromal cell. No nucleoli and sparse cytoplasm. 


derwent marked morphologic changes and 
became transformed into fibroblastlike cells. 
The first noticeable morphologic changes in 
these corneal stromal cells were (1) an in- 
crease in the number of nucleoli per nucleus 
and (2) an increase in the size of the nucle- 
olus. 

Examination of the wound edge (970) 
at 4, 6, 12, and 24 hours after wounding 
showed the gradual transition of the corneal 
stromal cells into fibroblasts. The first easily 
discernible increase in the size and number 
of nucleoli was found at six hours after in- 
jury. A steady increase in the size and num- 
ber of nucleoli occurred at 12 and 24 hours. 

Preliminary quantitative studies of the 
number of nucleoli per nucleus and the di- 
ameter of the nucleoli have been made. They 
indicate that by 12 hours after injury the 
nucleolar volume per nucleus had increased 
to approximately 20 times its original value 
at O hours. The nucleolar volume/nucleus 


continued to increase until 24 hours after 
wounding when it was about 50 times the 
original volume. No further increase was 
noted. These quantitative morphologic analy- 
ses will be reported in detail elsewhere. At 
120 hours after wounding, the longest time 
period studied, these large and numerous 
nucleoli were still present in the fibroblasts. 
An increase in nucleolar size has been found 
associated with increased cell metabolism, 
particularly with intracellular protein syn- 
thesis.** 

The nucleus increased in area for the first 
24 hours and then decreased to smaller than 
normal by 48 hours after wounding. At the 
same time it showed a steady transition from 
an oval type to a long, narrow type. A 
marked synthesis of cytoplasm also occurred 
in these transforming cells during the first 
24 hours after wounding, especially between 
the 12th and 24th hours. At 24 hours the 
transforming cells had long protoplasmic 
processes and often appeared stellate in 


Fig. 2 (Weimar). 0-hour wound. Normal corneal 
stromal cell. No nucleoli and sparse cytoplasm. 
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Fig. 3 (Weimar). 12-hour wound. Corneal 
stromal cell at wound edge with developing cyto- 
plasm and nucleoli. 


shape. By 48 hours they were definitely 
spindle shaped. 

These transformations are shown in the 
accompanying microphotographs (figs. 1-8, 
originally X970). 

The transformation of cells to fibroblasts 
was limited to a narrow border about 200 
microns wide on each side of the wound 
edge, as is shown in Figures 9 to 144A, all 
originally taken at 430 magnification. 

Quantitative cell counts at the wound edge, 
to be reported in detail elsewhere, revealed 


that approximately 75 percent of the corneal 


stromal cells at the wound edge transformed 
into fibroblasts by 24 hours after injury. 

No mast cells were ever found in the 
normal corneas or in wounded corneas. The 
mast cells were especially well preserved in 
this formalin-alcohol fixed material and were 
observed in large numbers in the limbal tis- 
sues. These results agree with the observa- 
tions of Wassermann® who found no par- 
ticipation of mast cells in the healing of 
tendon wounds. 


Fig. 4 (Weimar). 12-hour wound. Corneal 
stromal cell at wound edge with developing cyto- 
plasm and nucleoli. 


The only other type of cell found at the 
wound edge, excluding polymorphonuclear 
leukocytes, was the monocyte. This in agree- 
ment with the studies of avascular healing 
of the corneal stroma by Pullinger and 


Fig. 5 (Weimar). 24-hour wound. Fibroblast- 
like cell formed from a corneal stromal cell at the 
wound edge. 
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Fig. 8 (Weimar). 120-hour wound. Fibroblasts 
at the wound edge Note the continued presence of 
large nucleoli. 


Fig. 6 (Weimar). 36-hour wound. Spindle-shaped 
fibroblast at wound edge. 


Fig. 7 (Weimar). 84-hour wound. Fibroblasts at the wound edge. 
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Fig. 9A (Weimar). 12-hour wound. Field im- 


Fig. 9 (Weimar). 12-hour wound. Wound edge. mediately adjacent to wound edge. 


Nucleoli developing in corneal stromal cells. No 
fibroblasts present. 


Fig. 10 (Weimar). 24-hour wound. Wound edge 
with first appearance of fibroblasts. 


Fig. 10A (Weimar). 24-hour wound. Field im- 
mediately adjacent to wound edge. No fibroblasts 
are seen. 
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Fig. 11 (Weimar). 36-hour wound. Wound edge Fig. 11A (Weimar). 36-hour wound. Field im- 
with increased number of fibroblasts. mediately adjacent to wound edge. No fibroblasts 


are seen 


Fig. 12 (Weimar). 48-hour wound. Wound edge Fig. 12ZA (Weimar). 48-hour wound. Field im- 
with spindle-shaped fibroblasts. mediately adjacent to wound edge. No fibroblasts 
are seen. 
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84-hour wound. Wound edge 
fibroblasts 


Fig. 13 ( Weimar) 


with greatly increased number of 


Fig. 14 (Weimar). 120-hour wound. Wound edge. 
Note that the number of cells has become so dense 
that except at the 
margin of the wound. 


cells cannot be distinguished 


Fig. 13A (Weimar). 84-hour wound. Field im- 
mediately adjacent to wound edge. No fibrobiasts 
are seen. 


Fig. 14A (Weimar). 120-hour wound. Field im- 
mediately adjacent to wound edge. A definite fibro- 
blastlike appearance of cells away from the wound 
edge can be seen. This effect was not noted at any 
time period earlier than 120 hours in any of the 


eyes studied. It is limited to approximately the 
distance from the wound edge shown in the photo- 
graph. 
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Mann” who found only polymorphonuclear 
leukocytes and wandering cells entered the 
cornea from the limbal tissues. Fibroblasts 
and lymphocytes never entered unless blood 
vessels invaded the cornea. They suggested 
that the macrophages invading the healing 
cornea transformed into fibroblasts. Quanti- 
tative studies are now being carried out in 
this laboratory to investigate this possibility 
and also to determine the role of cell division 
in supplying the healing wound with fibro- 
blasts. 


SUMMARY 


The normal pattern of healing in whole 
mounts of the corneal stroma is described. 


The corneal stromal cells at the wound edge 


were found to undergo transformation into 
fibroblasts within the first 24 hours after in- 
jury. The transformation was characterized 


by the gradual development of large and 
numerous nucleoli during the first 12 post- 
operative hours followed by a synthesis of 
large quantities* of deeply basophilic cyto- 
plasm. The transformation of cells to fibro- 
blasts was limited to a narrow border about 
200 microns wide on each side of the wound 
edge. 

Mast cells were never seen, except in the 
limbal tissues, in the normal or in the 
wounded corneas. 

630 West 168th Street (32). 
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DIscuSSION 


Dr. Atrrep E. Maumenee (Baltimore): This 
detailed study of central corneal wounds by Dr 
Weimar is very interesting. I think she has con- 
firmed the observations of others that corneal 
stromal cells can be replaced by reproduction or 
cell division of surviving corneal stromal cells. 

It has also been noted in other studies that the 
cornea can be repaired by cells wandering in from 
the outside of the eye. Several years ago Dr. Wal- 
ter Kornblueth and I attempted to study this process 
in corneas in which the stromal cells had been 
frozen by using an applicator, a rod applicator, 
that had been reduced to —78°C. 

[Slide] With this technique we were able to get 
a relatively acellular zone of corneal stroma either 
in the central portion of the cornea or in the periph- 
ery, in which we thought practically all the corneal 


stromal cells in the area had been destroyed. 
[Slide] In the central wounds of the cornea we 
were able to note, very much as Dr. Weimar has 
just reported, that the normally compact corneal 
stromal cells became somewhat enlarged in their 
nucleus and the nucleoli became more evident, and 
we were able to find mitotic figures in those cells. 
This was present before any evidence of wander- 
ing cells entering from the periphery of the cornea 
However, in other experiments where the lesion 
was produced at the limbus we thought the repair 
of the tissue was due in part to macrophages or 
wandering fibrocytes from the limbus. In animals 
that had been saturated with trypan blue prior to 
the freezing experiments, in the central corneal 
lesion none of these cells contained trypan blue 
[Slide] However, when the lesion was made at 


— 
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the limbus a great number of cells could be seen 
with trypan blue granules in them, which we 
thought indicated that the corneal stromal cell had 
now come from the wandering cells from outside 
the cornea. 

In using the term “corneal stromal cell” 
“fibroblast” in this experiment, I wonder if it is 
really true and whether we really should say that. 
Isn’t the corneal stromal cell merely a fibroblast? 
Is there any particular difference in the normal 
corneal stromal cell and a fibroblast? 

In our experiments in which the corneal stromal 
fibers had not been disrupted, when the cells were 
repaired in the central portion of the cornea, they 
were as clear as they had been prior to the entry. 
Also, in the periphery of the cornea when cells 
apparently wandered in from the outside, the 
cornea was as clear as it had been previously. 

So, maybe the idea that the fibroblasts bringing 
in connective tissue different from normal corneal 
certainly the cells themselves did not pro- 
it may be that 


and 


tissue 
duce this opacity of the cornea 
the changes you are noting in these corneal cells are 
merely due to edema of the cornea, which allows 
these cells to appear to be slightly different from 
the more compact corneal corpuscle in the normally 
appearing cornea. 

Dr. J. Rermer Worter (Ann 
certainly a very fine paper 

Together with Shapiro I have published a very 
Ophth., 
corneal 
star- 


Arbor): This is 


similar study as the present one (Am. J. 
40:24, 1955). We found that the 
stroma cells following injury change into 
shaped cells with a large nucleus. They divide, later 
become spindle-shaped, and may migrate into cor- 
neal areas with cellular destruction. However, we 
observed that the stroma cells in this stage of re- 
action and proliferation are still clearly different 
from immigrating fibroblasts—if the slides are pre- 
pared with a histologic technique which really stains 
both cell types with all their complicated processes. 

Therefore, we have to take issue with the state- 
ment of Dr. Weimar that she found corneal stroma 
cells changing into fibroblasts. Using a silver car- 
bonate technique of del Rio Hortega we observed 
that the corneal stroma cells in a rabbit and man 
following trauma, operation, and different kinds 
of chemical injury exhibit a certain fibroblastlike 
shape. But we were always able to distinguish the 


also 


reactive form of corneal stroma cells from wander- 


ing fibroblasts 

De. Davin Cocan (Boston): 
minority party here, may I say the epithelium has 
not been mentioned as a potential source of replace- 
ment cells in the cornea. Twenty years ago such 
a suggestion would have been accompanied by some 
sort of penalty. Nevertheless, there are sections 
through the cornea in which there appear to be all 
of the epithelium into con- 
scar seen in 


To represent the 


stages im transition 
nective tissuelike cells 
rabbits’ corneas and occasionally in human corneas. 

That concept of conversion of epithelium into 
connective tissuelike cells is beautifully demon- 
strated in the lens where we get a metaplasia of 


forming a 


lens epithelial cells into connective tissuelike cells. 
Here there is no question of any foreign invasion 
such as is always brought up in a question of the 
cornea and in other tissues. Perhaps Dr. Weimar 
can tell me it is not like connective tissue but under 
ordinary light microscopy it does seem that in 
capsular cataracts the cells and what looks like 
collagen between the cells have a great similarity 
to connective tissue. 

Therefore, it seems to me that in any compre- 
hensive discussion of the origin of scar tissue in 
the cornea, the epithelium is also a potential con- 
tributing source for the cells. 

Dr. Micwaset Hocan (San Francisco): I would 
like to ask a question. If one takes a small piece 
of corneal tissue and puts it in tissue culture, ob- 
viously the cells which were damaged at the time 
of excision of that piece of cornea would show 
changes similar to those reported here; but on pro- 
longed observation of these cells in culture, they 
behave exactly as fibroblasts. 

I would like to know how Dr. Weimar explains 
the apparent discrepancy. 

Dr. Vircinta L. Wermar (closing): First, I 
would like to discuss Dr. Maumenee’s question 
about the difference in the fibroblasts. 

Fibroblasts, whether or not I should say “fibro- 
blasts” or “corneal stromal cells”—in looking at the 
normal cornea in whole mounts I don’t really feel 
that I can say accurately which is which. 

Another observation from work that I am 
not reporting here today because of the lack of 
time is that following injury, within the first 12 
hours all of the keratoblasts or fibrocytes or histi- 
ocytes become macrophagelike and are able to take 
up neutral red in vitro. So, from then on I could 
not tell the difference between them. Only in the 
Giemsa stain material, where I could actually see 
a monocytelike nucleus, could I really distinguish 
between types of cells. 

As to Dr. Wolter’s question that he does not 
believe the fibrocytes or corneal stromal cells (or 
whatever we are going to call them) become trans- 
formed into fibroblasts, I say that in these prepara- 
tions of mine there is simply no other source of 
fibroblasts. 

These cells at the wound edge in these prepara- 
tions do not disappear the way they do in thicker 
preparations, although I am not prepared to say 
why. Perhaps it is because in a thicker cornea 
there is more injury, more activation of destruc- 
tive enzymes, which destroyed those cells, and then 
they must be replaced. 

However, in this case you have the cells remain- 
ing apparently alive; and gradually, if you study 
them at four hours or six hours or 12 hours, you 
find that they very slowly change to fibroblastlike 
cells. A fibroblast at the wound edge at 24 hours 
must come from some place ; yet you cannot detect its 
appearance in these experiments anywhere between 
the wound edge and the limbus. Furthermore, the 
cells which are transforming must be taken into 
account. At 24 hours the cells which were in the 
process of transforming are gone and there are 
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only fibroblasts 
few percent. 

I think it is particularly interesting to add that 
the other source of fibroblasts at the wound edge 
was probably monocytes. This has been a very 
much debated question; and although I prefer to 
believe that monocytes eventually become fibro- 
blasts, I could not find a single piece of research 
that convinced me it was actually so. 

However, Dr. Hulliger in Switzerland has suc- 
ceeded in showing that in tissue cul- 
ture can transform to fibroblasts. This has been 
shown before, but no one could ever do it under 
reproducible conditions so that they could do it 
over and over again, as she did 

In spite of all that, I was not convinced, but she 
finally convinced me. She has shown that these 
transformed cells from the monocytes can produce 
components of collagen, so I think the wandering 
cells certainly 


present—with the exception of a 


monocytes 


can be claimed to be a source of -a 


FURTHER STUDIES ON THE VIABILITY OF 


part of the fibroblasts at the wound edge. 

As to Dr. Cogan’s question on the epithelial cells, 
I would not absolutely “no,” but | 
didn’t really see anything that convinced me that 
they were transforming. I saw some epithelial cells 
which had large nucleoli, but they always had a 
different kind of nucleus in color, and the cytoplasm 


want to Say 


never seemed to become spindle shaped 

As to Dr. Hogan’s question about tissue culture, 
I was very anxious to put these wounded corneas 
into some kind of controllable situation in vitro. So 
far I have failed 100 percent because the cells 
at the wound edge, the cells I have described in 
this paper, always disappear in a few hours, Even 
if you put them in when a few large nucleoli have 
started to develop, after a few hours under any kind 
of in vitro system I have tried so far, the nucleoli 
which had developed simply dwindle in size, as if 
all the metabolism is going on in the other direc 
tion 
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INTRODUCTION 


In a previous communication we described 
a tissue culture technique for determining 
the viability of both fresh and frozen cor- 
neas.' Fresh rabbit corneas were obtained 
soon after death and explanted in tissue cul- 


flasks which 


were to be frozen were similarly obtained. 


ture and incubated. Corneas 
Freezing was accomplished by immersing 
test tubes containing the corneas in a dry ice 


were soaked in dilute glycerol solutions prior 


alcohol mixture Some corneas 


to freezing as originally described by East- 
cott and his associates.* Some were frozen 


without benefit of glycerol soaking. Corneas 
which were frozen by either method were 


* From the Tissue Bank, Naval Medical School, 
National Naval Medical Center, and the Tissue 
Culture Section, Laboratory of Biology, National 
Cancer Institute, National Institutes of Health, 
Bethesda, Maryland 


thawed rapidly in a warm water bath after 
one hour and then explanted. 

The results of this study showed viability 
of all fresh and glycerol-frozen corneas, with 
good migration of both epitheliallike and 
fibroblastlike cells in all cultures at the end of 
48 hours. The corneas which were frozen 
without glycerol soaking showed a lower in- 
cidence of viability and evidence of severe 
cell damage in all cultures. It was felt that 
this demonstrated that dilute glycerol solu- 
tions protected the corneas from the harmful 
effects of freezing and thawing (table 1). 

The present report concerns the effects of 
certain variables on the viability of glycerol 
soaked and glycerol-frozen corneas and is 
presented in three parts. 


Part I. THE EFFECTS OF 
STORAGE ON 


PROLONGED 

GLYCEROL-FROZEN CORNEAS 
This experiment was carried out to deter 

mine the length of time corneas could be 
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rABLE 1 


SUMMARY OF PREVIOUS EXPERIMENT" 


Corneas in Tissue Culture Mi No Mi- 
gration gration 
Fresh 44 0 
Soaked in 15-percent glycerol 60 0 
Frozen without soaking* 23 9 
Frozen after soaking* 72 0 


* Remained frozen only one hour 


frozen and still maintain viability. Such a 
study would be indicated if one were to em- 
ploy this technique for long-term preserva- 
tion of corneal tissue for later transplanta- 


tion. 


MATERIALS AND METHODS 


Corneas were removed from adult rabbits 
under sterile conditions soon after death. 
The corneas were excised within the limbus 
so that no conjunctival or scleral tissues were 
included with the specimen. 

The corneas were placed in test tubes 
containing 15-percent glycerol (USP) by 
volume in Earle’s balanced buffered saline 
for one hour. The excess fluid was decanted 
and the test tubes were immersed in a con- 
tainer of dry ice-alcohol slush at —79°C. for 
The test then 


placed in screw-top glass bottles and stored 


three munutes. tubes were 
in an insulated chest containing solid dry-ice 
—79°C.). 


plenished when necessary to keep each bottle 


(approximately Dry ice was re- 
covered to insure a constant temperature. 

At various intervals after freezing a speci 
men was removed from the chest and the 
test tube was withdrawn from the bottle. The 
cornea was thawed rapidly by immersing the 
test tube in a water bath at 38°C. for two 
minutes. The appearance of the cornea was 
noted and the specimen was then transported 
to the Tissue Culture Laboratory where it 
was explanted and incubated as previously 
described. Fresh corneas also were ex- 
planted to serve as controls. 

The 


scopically periodically for as long as neces- 


specimens were examined micro- 


sary to determine the growth characteristics. 


Photomicrographs were taken, and the speci- 


mens then discarded. 


RESULTS 

The results of the present study are shown 
in Table 2 and detailed in the text as fol- 
lows: 

All fresh control cultures showed evidence 
of viability within 48 hours. The growth 
characteristics were essentially as previously 
described ; migration of marginal polygonal 
cells which resembled epithelium followed 
by a secondary wave of migration of spindle- 
shaped cells which resembled fibroblasts (fig. 
1). 

Corneas which remained frozen for one 
week were clear on thawing and showed mi- 
gration of both epithelial cells and fibroblasts 
after an initial lag period. 

Most of the corneas which were frozen 
for one month were clear on thawing and 
there was migration of both cell types from 
most explants. One specimen failed to show 
any migration and in another no migration 
of fibroblasts was observed. Changes in the 
physical appearance were noted for the first 


Extensive migration of 
epithelial cells and fibroblasts from explant of fresh 


Fig. 1 (Draheim et al.) 


(200). 


cornea in tissue culture 
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TABLE 2 
EFFECTS OF STORAGE ON FROZEN CORNEA 


Duration of 
Frozen 
Storage 


Cornea No. 
Epithelial Cells 


i wk + 
1 wk. + 
1 wk. + 
1 wk. + 


mo 
mo 
mo. 
mo. 
mo. 
mo 


+++++0e 


wk. 
mo. 
mo 
mo. 
mo 


te ttt 


mo. 
mo. 
mo. 
mo. 


mo, 
mo. 
mo. 
mo 
mo. 


time. One specimen was wrinkled but viable, 
another appeared to have bubbles deep in the 
stroma near Descemet’s membrane and was 
nonviable. 

When the period of storage was extended 
beyond one month the changes in the physi- 
cal appearance became more marked. This 
was usually associated with a decrease in 
the rapidity and extent of migration or an 
outright failure of migration (fig. 2). Of the 
five corneas frozen for six months, migration 
occurred in three cultures. Only one of these 
was noted to have extensive migration and 
it was clear when thawed (fig. 3). 


Part II: THE EFFECTS OF VARIOUS CON- 
CENTRATIONS OF GLYCEROL ON CORNEAS 
When the results of the above experiment 

were obtained it seemed desirable to define 
further the problem in an attempt to improve 
the method of preservation. Attention was 
focussed first on the soaking solution. Previ- 
ous reports of tissue preservation by gly- 


lissue Culture Migration 


Gross Appearance On Thawing 
Fibroblasts 


Clear 
Clear 
Clear 
Clear 


Bubbles on Descemet’s membrane 
Clear 

Clear 

Clear 

Wrinkled endothelium 

Clear 


Clear 

Wrinkled with bubbles 
Clear 

Clear 

Slight wrinkling 


Wrinkled 

Clear with some bubbles 
Wrinkled with bubbles 
Slightly wrinkled with bubbles 


Wrinkles and bubbles 
Clear 

Wrinkled 

Wrinkled with bubbles 


Wrinkled and slightly cloudy 


cerol-freezing have been concerned mainly 


* and our 


with 15-percent glycerol solutions? 
experience had been limited to the use of 
this concentration. Therefore it was decided 
to investigate the effects of various concen- 
trations of glycerol on the viability of cor- 


neas. 


MATERIALS AND METHODS 

Rabbit corneas were obtained under sterile 
conditions as previously described. 

The corneas were placed in test tubes con- 
taining, 5, 10, 15, 20, 25, 30, 35, and 40 per- 
cent glycerol by volume in Earle’s saline for 
one hour. In addition corneas were placed in 
stock 
saline to serve as controls. After one hour 


tissue culture medium and Earle’s 
the specimens were transported to the Tissue 
Culture Laboratory where they were divided 
into equal halves. One half of each cornea 
was fixed for histologic examination and the 
other half was explanted in a tissue culture 


flask as previously described." 
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Fig. 2 (Draheim et al.). No migration from explant 
(< 200). 


of cornea frozen for six months 


RESULTS 

The corneas were clear after soaking for 
one hour in all solutions except Earle’s 
saline. Loss of clarity in this instance was 
probably due to edema of the cornea for it 
is well established that corneas will become 
cloudy when exposed to isotonic saline. The 


those 


most striking changes occurred in 


corneas which were soaked in glycerol-saline 
concentrations greater than 25 _ percent. 
These corneas became thickened and were 
difficult to cut because of their tough con- 
sistency. 

Tissue culture explants showed migration 
from all specimens in this series although 


there was less extensive migration from 


those corneas soaked in solutions more con- 


centrated than 25 percent. 


Fig. 3 (Draheim et al.). Migration of epithelial 
cells and fibroblasts from explant of cornea frozen 


for six months (200). 


Histologic examination in general showed 
normal stroma in all preparations. There was 
loosening of the endothelium in some speci- 
mens soaked in very dilute glycerol solutions. 
The most consistent finding was epithelial 
edema, this being more pronounced in speci- 
mens soaked in the higher concentrations. 

On the basis of gross and microscopic 
appearance and tissue culture characteristics 
it was concluded that 10 to 25 percent con- 
centrations of glycerol diluted with balanced 


saline caused the least damage to corneas. 


DIFFERENT 
CORNEAS 


Part III: THE EFFECTS OF 


RATES OF FREEZING ON 


In a further series of experiments we 


compared rapid and step freezing after soak- 


ing rabbit corneas in various concentrations 


of glycerol. 
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MATERIALS AND METHODS 


Rabbit corneas were obtained under sterile 
conditions and soaked for one hour in the 
various glycerol concentrations as described 
above. The corneas were then frozen in the 
following manner. 

The techniques and rates of freezing were 
predetermined in a separate series of experi- 
ments.® In these pilot studies platinum-tipped 
electrodes were placed interlamellarly and 
temperatures were recorded continuously 
during (fig. 4). 
frozen rapidly by immersing the test tube 


freezing Corneas were 
directly in the freezing mixture as previously 
described. A temperature of —70°C. was re- 
corded in less than one minute. Step freezing 
was accomplished by insulating the test tube 
containing the cornea until the: temperature 
reached — 15°C. Experience showed that this 
required seven to eight minutes. Removal of 
the insulator at this point resulted in the 
two-stage freezing curve as advocated by 
Smith.* 

All corneas were thawed rapidly after one 
hour and then transported to the Tissue Cul- 
ture Laboratory where they were divided to 


RAPID vs. STEP FREEZING 
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Fig. 4 (Draheim et al.). Examples of freezing 
curves obtained by the rapid and step freezing 
techniques. 
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be explanted and fixed for histologic ex- 


amination as above. 


RESULTS 

All rapidly frozen corneas were clear on 
thawing and there was good migration from 
explants of tissue frozen after soaking in 
glycerol concentrations of 10 to 25 percent. 
All step frozen corneas were cloudy when 
thawed but the explants showed good migra- 
tion in the same range of concentrations. 


Microscopic sections of both rapidly 
frozen and step frozen corneas showed 
marked epithelial changes consisting of 


edema, bullae formation, superficial necrosis, 
and in some instances the epithelium was 
stripped off. Step frozen corneas showed a 
greater tendency for lamellar separation in 
the stroma. Changes in the endothelium were 
variable. In some specimens there was good 
preservation of histologic detail and in others 
the endothelium and Descemet’s membrane 
appeared to be stripped off. 


DiscussIoN 

It is apparent from Part I| of this report 
that prolonged periods of storage result in 
certain changes in the physical appearance 
of rapidly frozen corneas. There is an asso 
ciated decrease in the viability of cells of 
these corneas as determined in tissue culture. 
The success of low temperature storage for 
preservation of biologic materials depends 
on achieving sufficiently low temperatures to 
prevent significant molecular transfer and 
enzyme function. Ice crystal growth in the 
solid state may take place by growth of large 
crystals at the expense of smaller at tempera- 
130°C." this 


explain the reported 


tures above Occurrence of 


phenomenon might 
decay rate of tissue preserved at dry-ice 
temperatures. 

The efficacy of glycerol in protecting tis- 
sues from the harmful effects of freezing 
and thawing has been considered to be due 
to its ability to prevent formation of intra- 


cellular ice crystals by partial dehydration.‘ 


 +10r 4 
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Or 


VIABILITY OF FROZEN CORNEAS 187 


This 


makes less water available to participate in 


water-binding capacity of glycerol 
ice crystal formation. In addition, glycerol 
may afford a “buffering action” in protecting 
the cells from the hypersalinity that results 
from ice crystal formation.* The most fre- 
quently used concentration in earlier studies 
has been 15-percent glycerol in saline or 
Ringer’s solution. The optimum range for 
preservation of corneas as judged by migra- 
tion from the explants in Part II of this re- 
port appeared to lie between 10 and 25 per- 
cent glycerol in Earle’s balanced saline by 
volume. Concentrations of 30 percent and 
higher resulted in less extensive migration 
and evidence of changes in the physical prop- 
erties of corneas. 

In reviewing the available information 
concerning the effects of rapid and slow 
freezing on the viability of tissue there is 
evidence that slow freezing has some theo- 
retic advantages over rapid freezing. Slow 
freezing initiates formation of large extra- 
cellular ice crystals resulting in shrinking of 
the cells and concentration of the electro- 
lytes in their suspending medium. When the 
tissue is thawed the cells may assume their 
original shape but it is suggested that the cell 
membranes have been damaged by the strong 
electrolyte solutions.* 

Rapid freezing initiates the formation of 
numerous small ice crystals which are dis- 
tributed uniformly throughout the tissue. 
Upon thawing there is no evidence of cell 
membrane rupture but damage to the nucleus 
and cytoplasm is evident in the frequent 
vacuolization throughout the tissue.’ 

Smith proposes that tissue damage occurs 
during cooling before freezing temperatures 
are reached.* To lessen the effects of “ther- 
mal shock” it is recommended that cooling 
proceed at a rate no greater than 2 
electrolytes begins. After this temperature is 


min. to 
where maximum concentration of 
reached, rapid freezing is desirable to 
shorten the time of exposure of the cells to 


the electrolyte solution.’ Freezing by this 


technique results in a two-stage or step 
freezing curve as obtained in Part III of 
this report. 

The effects of rapid and slow freezing on 
survival of skin epithelium were reported by 
Billingham.’® He found slow freezing su- 
perior to rapid when the grafts were frozen 
without pretreatment. The deleterious effects 
of rapid freezing were mitigated by soaking 
the skin in 15-percent glycerol prior to freez- 
ing. On the basis of Part III of this report 
there is no indication that step freezing is 
superior to rapid freezing in the case of 
corneas. Pretreatment with glycerol appar- 
ently protects the tissue from the undesirable 
consequences of rapid freezing. If preserva- 
tion of optical clarity is considered, rapid 
freezing appears to be the preferred method. 

Recently Cockeram, Basu, and Ormsby 
reported the results of studies concerning 
the tissue culture viability of frozen rabbit 
corneas." In these experiments whole eyes 
were frozen after soaking in glycerol for 
various periods of time. Corneas which were 
removed from eyes frozen by their “quick 
method” and then stored longer than one and 
one-half hours did not grow when explanted. 
Failure to maintain viability by this method 
of freezing may be due to inadequate pene- 
tration of glycerol into intact eyes or un- 
predictable rates of tissue freezing. It is pos- 
sible that successful preservation of glycerol- 
soaked corneas by rapid freezing depends 
upon the use of excised tissue. 

Thawing was rapid in all instances in our 
experiments. If tissue is allowed to thaw 
slowly there is opportunity for ice crystal 
growth with resultant mechanical damage.* 
We have observed clouding of corneas which 
have thawed slowly in the laboratory, ap- 
parently due to formation of large ice crys- 
tals. It is recommended that thawing be 
accomplished rapidly by warming in a 38°C. 
water bath. 


SUMMARY AND CONCLUSIONS 


1. The effects of prolonged storage on 
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glycerol-frozen corneas were evaluated, and 
it was found that storage of corneas for 
periods longer than one month resulted in 
changes in the physical appearance and de- 
creased viability as determined in tissue cul- 
ture. 

2. The effects of various concentrations of 
glycerol on excised corneas were determined, 
and it was found that 10-to 25-percent con- 
centrations caused the least change in gross 
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and microscopic appearance and viability as 
determined in tissue culture. 

3. The effects of rapid and step freezing 
on excised corneas were evaluated, and it 
was found that although step freezing re- 
sulted in clouding of the corneas, variations 
in the rate of freezing had little effect on 
viability as determined in tissue culture. 


McPherson pital 
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DISCUSSION 


Dr. Wirtt1AmM H. Havener (Columbus, Ohio) : 
I have enjoyed the opportunity of reading this 
presentation and also other papers by Dr. Draheim 
on the subject of corneal preservation. His work 
has been painstaking and meticulous, and confirms 
the fact that corneal tissue will remain viable when 
quick frozen in appropriate concentrations of 
glycerol. That these preserved corneas will remain 
clear when transplanted has been demonstrated by 
Colonel King. Widespread clinical use has not 
been made of these techniques, and preference has 
been given to the use of fresh donor material. 

Viewed in perspective, corneal transplantation 
presents the following problems: 

Obtaining an adequate supply. This is depend- 
ent upon public acceptance of corneal donation. 
Proper publicity by eye-banks, Lions clubs, and 
similar related groups is most effective in this re- 
spect. It is most important to secure the co-opera- 
tion of local pathologists and undertakers. To this 
end, careful attention must be given to cosmetic 
restoration of the socket with plastic eye caps and 


molding wax. If enucleation is done with care to 
avoid traumatizing the extraocular muscles and 
orbit, discoloration of the lids from bleeding may 
be eliminated. Should bleeding from the socket 
occur, no prosthesis should be inserted until bleed- 
ing spontaneously stops or the internal carotid is 
cut (as is done if the autopsy includes a head per 
mit). Disregard of this admonition may lead to 
swollen discolored lids, difficult for the undertaker 
to restore 

Adequate methods of preservation of 
donor material will greatly extend the availability 


corneal 


of corneal transplantation. At the present time 
considerable wastage of outdated corneas occurs, 
which could be avoided by preservation. It is ap- 


parent that Dr. Draheim’s work is a real contribu- 
tion in this area, and will certainly receive clinical 
trial in the near future 

Maintenance of sterility is a problem which re 
quires further study. Cadaver eyes are almost 
routinely contaminated. We made a very special 


effort to scrub and sterilize cadaver eyes before 
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enucleation in 13 cases. Culture of the bottles in 
which these eyes were stored showed growth of 
bacteria in 10 of the 13—indeed, six cases grew 
Pseudomonas aeruginosa! Use of a variety of anti- 
biotics has been demonstrated to eliminate these 
bacteria. There is, however, a very slight loss of 
corneal transparency associated with use of anti- 
biotics. Other methods of sterilization such as ultra- 
violet or ionizing radiation should be explored 
Freezing in glycerol will not destroy bacteria. 
Fortunately the recipient eye has considerable 
powers of resistance and I know of several cases 
of uneventful transplantation following which 
Pseudomonas was cultured from the donor bottle. 
Obviously, routine use of antibiotics postoperatively 
is a reasonable precaution. 

Surgical techniques of direct appositional sutur- 
ing are quite satisfactory. If some refinement of 
technique could be devised to reduce the high cor- 
neal astigmatism so often seen, it would be most 
welcome. 

Maintenance of clarity in the transplant is a 
problem not yet solved. Cortisone and beta radia- 
tion are helpfui. Preparation of the cornea with a 
previous lamellar transplant may permit later place- 
ment of a penetrating transplant which will remain 
clear. Anterior synechias must be avoided by ap- 
propriate steps at the time of surgery if at all 
possible. Immunologic responses to the corneal im- 
plant have been suggested as a cause of late opaci- 


fication. Michaelson has recently demonstrated 


blood group antigenicity within corneas. It is very 


likely that the future will bring methods of “typ- 
ing” corneas, thereby permitting matching of donor 
and recipient. 

I wish to compliment Dr. Draheim on his contri- 
butions toward solution of the problem of corneal 
preservation 

Dr. Greorce K. Smetser (New York): If I may 
have a few moments, I would like to mention some 
unpublished experiments carried out by Dr. Richard 
Copenhaver a few years ago 

Corneas were frozen as described in the present 
paper and treated with Step freezing at 
very low temperatures, and also slow freezing, was 
used. The were transparent 
and the transplants were the fully penetrating type. 
King, if I recall 


glycerol 
frozen donor corneas 


Those which were made by Dr 
rightly, were lamellar grafts 

All of the fully penetrating corneal transplants 
of frozen tissue, in the hands of Copenhaver, failed 


to produce corneal grafts that maintained their 
transparency for a clinically useful period. The 
healing process was usually stormy but there were 
many instances where he believed he was about to 
succeed in getting a permanent and fully trans- 
parent graft. The best grafts, I should say, could 
be described as somewhat milky or slightly nebu- 
lous, 

The cause of the failure is unknown. His tech- 
nical ability, I think, was good. When he made 
transplants of fresh normal living cornea, he had 
excellent grafts, but when the donor tissue had 
been treated in the manner shown in the present 
paper to preserve the tissue in a living state, he 
failed because of some difficulties in the healing 
process. 

All of us here know Dr. Maumenee has had great 
experience in evaluating techniques in corneal trans- 
plants, and it would be very enlightening if we 
could hear his opinion on why it is that Dr. Copen- 
haver’s fully penetrating grafts did not work, but 
the lamellar grafts in cats, done by Dr. King, 
did sticceed. 

Dr. Jerry W. Dranetm (closing): I would like 
to thank Dr. Havener for his kind remarks, I agree 
that one must pay meticulous attention to details 
in all phases of corneal transplantation. 

The questions which Dr. Smelser has raised are 
difficult to answer. My experience with transplanta- 
tion of these corneas is limited to a few animal 
procedures which, unfortunately, ended disastrously 
with pseudomonas infections. We are continuing to 
evaluate them in another series of operations. 

One should be cautious in drawing conclusions 
from the work presented here today. There is some 
difference between viability of tissue as determined 
in vitro and satisfactory biologic acceptance by the 
host. It has been proposed by some that the stormy 
postoperative course is due to residual glycerol 
in the tissue. Glycerol freezing is commonly em- 
ployed as a means of preserving whole blood. Of 
course the glycerol must be removed by dialysis 
before it can be used. We are using a similar 
technique to remove the glycerol from corneas. 

I do not believe that we can cite successful cases 
of lamellar transplantation of frozen corneas as 
adequate proof of their viability and therefore 
suitability for use in penetrating transplants. The 
biologic problems encountered in penetrating grafts 
are entirely different from those encountered in 
lamellar grafts 
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Failures to demonstrate increased uptake 
of radiophosphorus by intraocular mela- 
noma, using techniques prescribed, do not 
apparently all relate to barriers of distance, 
that is, to the inaccessability of posterior pole 
tumors. A previous report" from this labora- 
tory indicates that the magnitude of radio- 
phosphorus uptake may, even in large mela- 
nomas, be insufficient to overcome the dis- 
advantages of location within the globe. Such 
evidences point to the need for wider under- 
standing of the mechanisms which govern 
radioisotope uptake by malignant tissues in 
general and of the factors of metabolism in 
particular which can explain the differences 
in uptake encountered among malignancies 
of the same type. 

The purpose of this paper is to report 
determinations of the radioisotope uptake of 
experimental malignant melanoma following 
the administration of P**, RISA (albumen 
[***) and 

A preliminary phase concerns neutron- 
of the 
tumor employed in an attempt to determine 


activation analyses experimental 
qualitatively its trace element composition. 
These analyses were conducted at the Oak 
Ridge National Laboratory and indicated the 
S-91 of 


metals among which zinc was prominent, 


presence, in melanoma, several 
being assayed at 236 yg/mg. of tumor (fig. 


1). 


MetTHODS 


The S-91 Cloudman melanoma was ob- 
tained from the National Cancer Institute, 
Section of Cytochemistry, and prepared as a 


* From the Ophthalmology Branch, National In- 
stitute of Neurological and Blindness, 
National Institutes of Health, Public Health Service, 
Department of Health, Education, and Welfare. 


Diseases 


190 


5 in ml. of normal 


suspension, 15 gm. 25 
saline. Inbred mice of the DBA strain, male 
and female, were used in these experiments 
and the animals fed diet of 
Purina pellets and tap water, supplemented 
with fresh greens at four-day intervals. 
When one ml. injections of tumor suspen- 
sion were made subcutaneously in the thigh 


a standard 


region of each of 108 animals, palpable tu 
mors appeared within six weeks (fig. 2). Of 
this group, 76 animals were employed in 
specific uptake studies during the one- to 87- 
hour interval. 

As controls, three groups of eight tumor- 
bearing mice were injected intramuscularly 
(1.0 ml.) with non-labelled carrier material 
which was either IN H,PO,, IN ZnCl, or 
serum albumen: assays of these tumors be- 
tween one and 72 hours were negative for 
radioactivity above background levels. Body 
weights, including tumors, ranged from 17.0 
to 30.5 gm. at death. 

Radioactive materials of high specific ac- 
tivity were obtained from the Isotope Divi- 
sion, Oak Ridge, Tennessee, as sodium phos 
phate (I (Zn*), and 


from Abbott Laboratories as radioiodinated 


2) and zinc chloride 
serum albumen (I'*"). Injections were made 
intraperitoneally in the case of P** and Zn™, 
each animal, excepting controls, receiving 
one ml. of solution containing five micro- 


RESULTS OF NEUTRON . ACTIVATION ANALYSES (QUALITATIVE 
OF AN S.91 CLOUDMAN MELANOMA 
BROMINE 
COBALT 
COPPER { ARSENIC 
CHLORINE 
PRESENT PROBABLE 

MANGANESE CHROMIUM 
SODIUM NICKEL 
PHOSPHORUS 
ZINC (236.0 wom. gm 

Fig. 1 (O'Rourke, Patton, and Bradley). The 


elements listed were found on spectrometric analy 
sis of neutron irradiated S-91 melanoma tissue. 


RADIOACTIVE UPTAKE 


curies per gram body weight. With albumen 
['** injections were made intravenously and 
in the same dosage as the other isotopes. 

Seventy-six of the tumor-bearing mice 
used in these experiments received injections 
of labelled material a few days after all 
melanomas had become palpable and firm, 
and groups of them were killed at various 
intervals between one and 84 hours after the 
injections, along with 32 controls. 

The animals were killed by Nembutal® 


injection and the tumor mass removed by 


blunt dissection, car being taken to debride 
extraneous tissue ; between 2.1 and 10.6 gm. 
wet weight of melanoma tissue was obtained 
from each animal. 

tumor masses 


In these determinations 


were digested with fuming nitric acid, 
vprought to a 100-ml. volume with water and 
the radioactivity of a 1.0-ml. aliquot meas- 
ured, using a well-type scintillation counter. 
Sample counting times were sufficient to 
give a probability error of +1.0 percent of 
the total count. 

Because preliminary studies indicated the 
hepatic uptake of each isotope to be higher 
than other body organs, liver samples were 
selected for similar analysis to afford a basis 
for comparison with tumor values (fig. 4). 

Tumor radioactivity was recorded as Dif- 


Fig. 2A (O’Rourke, Patton, and 
Bradley). Example of S-91 mela- 
noma grown on inbred, D.B.A. 
strain mice; photograph taken six 
weeks following intramuscular in- 
jection of tumor cell suspension 
into left thigh. 


ferential Absorption Ratio in order to ex- 
press uptake as a fraction of the adminis- 
tered dose per gm. body weight, the value 
being derived as follows: pc./gm.B.W.:1 = 
uc./gm.tumor:DAR. All calculations were 
corrected for the half-life decay rates of 


Fig. 2B (O'Rourke, Patton, and Bradley). Photo- 
micrograph, low power, of S-91 melanoma, show- 
ing density of malignant cells. 
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Fig. 2C (O’Rourke, Patton, and Bradley). Photo- 
micrograph, high power, of S-91 melanoma show- 
ing evidence of malignant change 


the isotopes employed (P**, 14.3 days; I, 
8.14 days ; Zn®, 250 days). 


RESULTS 

In Figure 3 are depicted graphically the 
magnitudes of difference in the mean DAR 
values of S-91 melanoma for the three radio- 
active sources studied and what they indicate 
principally is that the initial uptake of 
Zn® and RISA (1***) greatly exceeds the 
levels attained using P**. Beyond 24 hours, 
however, the tendency is that the mean DAR 
of Zn® and P* will vary within compara- 
tively narrow limits while corresponding 
values for RISA (I'**) approx- 
imate 60-percent reduction from the one- 


show an 


hour level. 
Differences 
weights and in their relations to total body 


both in individual tumor 


weight are indicated in Table 1: from this 
data there emerges little evidence that, under 
conditions of this study, melanoma size is 
related to specific (yc./mg.) uptake of radio- 
active materials. Wet tumor weights ranged 
between 2.17 and 11.8 gm. and the distribu- 


tion of DAR values appeared to vary 


MEAN DIFFERENTIAL ABSORPTION RATIO OF 
S-91 MELANOMA FOR P32, RISA AND 
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Fig. 3 (O'Rourke, Patton, and Bradley). Ex- 


pressed as Mean Differential Absorption Ration, the 
S-91 melanoma uptake of Zn® and RISA (I™) 
exceeds that of P™ at one hour postinjection, fol- 
lowing which Zn® levels remained elevated while 
RISA (I™) values fell sharply 


randomly among the various gram weight 
classes, though probably the number of tu 
mors assayed for Zn® and I*** content are 
in these instances too small to sustain this 


impression. 


HEPATIC UPTAKE (DAR) * 


ps2 zn65 
l hour 1.632 3.64 0.770 
24 hours 0.543 3.23 0.328 
48 hours 0.326 1.40 0.435 
72 hours 0.148 1.41 0.143 


* Each value = mean DAR of five 


samples 


Fig. 4 (O’Rourke, Patton, and Bradley). The 
magnitude of hepatic uptake expressed as Mean 
Differential Absorption Ratio, derived from 60 
specimens, was similar to corresponding 
representing S-91 melanoma uptake of P*, Zn”, 


and RISA (I™). 


values 


as, 
> 
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TABLE 


DATA ON UPTAKE OF RADIOACTIVE PHOSPHORUS (P® 
Zinc (ZN®) AND IODINATED ALBUMEN (I'*) 
FOR 76 MOUSE TUMORS 


Body 
Weight 
gm.) 


Tumor 


DAR 


Tumor 


Weight 


0.290 
0.363 
.356 
.194 
376 


296 
.486 
390 
293 
.413 
.329 


.303 
.289 

313 
.446 
.289 


.140 
.629 
.456 
.559 
.524 

661 


© 


NNN 
awe 


Regarding hepatic uptake it was noted 
here, as it has been in previous studies, that 


for most isotopes liver DAR is highest 


TABLE 1—continued 
Body 
Weight 
(gm.) 


Tumor 


DAR 


Tumor 


Weight 


NN 


we 


RISA 


(hr.) 
1 


among the body organs, serving thereby as 
the norm in determining, within broad limits, 
what levels, in other body tissues, indicate 
high specific uptake. In general terms mela- 
noma DAR figures for the three sources 
were within range of corresponding hepatic 
values (fig. 4) indicating that the melanoma 


affinity is above body average for each of 


them. 

In reviewing the magnitude of specific up- 
take changes in time, P** results appear, in 
a statistical way, to be much more secure 
than are the fewer data concerning Zn® and 


RISA (1**'): 46 animals were assayed for 


193 
Zn® 
hr.) 
pa 24 25.7 e.1 0.264 
22.6 7.1 1.36 
26.4 8.0 1.30 
“5 28 9.4 1.26 
28.6 
+ 4 9 26.6 8.8 1.44 
5.7 5 23.7 3.7 1.78 
25.4 5.5 
2 ; ° 48 3 6.9 1.78 
17. : 6 8.5 0.534 
17.0 1.5 8.5 
12 23.8 8.1 0 6 y 6 2S 
5 8.7 0 7.1 1.26 
30.5 0 6 3 6.0 2.0 
30.5 10.6 0 
72 9 10.7 1.84 
25.1 8.6 0 8.3 1.52 
i 0 5.8 0.56 
) 0 4.3 2.00 
21.1 6.0 0 2 6.72 1.63 
21.0 5.9 0 
23.1 5.9 0 PC 
24.3 3.6 0 orn 
36 18.1 10.8 0 || 26.0 9.32 1.87 
24.1 7.4 0 25.5 2.17 2.03 
20.3 5.2 0 26.48 7.63 2.10 
23.6 9.3 0 27.82 8.62 0.720 
23.0 7.5 0 
22.8 8.2 0 48 31.2 10.9 0.260 
28.3 9.8 0.780 
“s 24.0 11.8 0.2 27.1 7.8 0.512 
23.6 1.7 0.4 27.8 7.7 0.346 
19.8 6.6 0.4 
23.1 6.1 0.3 72 26.9 8.1 0.132 
22.8 5.6 0.50 29.1 9.9 0.482 
22.1 3.2 0.20 26.1 9.0 0.762 
25.8 8.0 0.210 
60 0 g.4 0.580 
8 8 0.436 
2 0.489 
} 7 0.468 
8 7 0.474 
9 8 0.561 
72 19.3 3.9 0.151 
5.6 0.483 
21.5 +.1 0.329 
25.0 6.2 0.440 
26.1 0.487 
20.7 5.5 0.304 
84 6.7 0.362 
25.5 10.2 0.487 
22.1 6.8 0.517 
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P** uptake at eight intervals and their tumor 
DAR values lay between the rather narrow 
limits of 0.194 and 0.612. 

While using Zn® there occurred a greater 
variation in individual melanoma DAR, this 
trend does not obscure the fact that overall 
Zn® uptake is higher than corresponding 
values for P® during the one- to 72-hour 
interval. 

Most notable of the impressions derived 


from using radioiodinated serum is the ini- 
tial high uptake recorded at one hour, actu- 
ally the highest among all the tumors studied. 


Since no attempt was made to prevent thy- 
roid uptake of the degraded RISA as, for 
example, by preliminary administration of 
iodine, it remains possible, in this way, that 
the fall noted by 48 hours might be modified. 

Standard deviation in DAR values were 
lowest in the P™ series, ranging between 
0.047 (60 hours) and 0.172 (12 hours): 
corresponding values for Zn® were 0.459 
(72 hours) and 0.713 (48 hours) and for 
RISA (1**) were 0.198 (48 hours) 
0.560 (one hour). 


and 


DAR were at the 
one-percent level of significance in all in- 


Differences in tumor 


stances excepting the 48-hour interval be- 
tween P** and Zn® (two percent) and be- 
tween Zn® and RISA (I***) (five percent), 
and at the 72-hour interval between Zn® and 


I'** (two percent). 


DISCUSSION 


In that the present work is quite pre- 
liminary its main conclusion, that melanoma 
takes up less P® than Zn® or RISA (I*"*), 
will not sustain a complete discussion of the 
several mechanisms that are possibly in- 
volved. 

In general, the tendency of some malig- 
nancies to take up relatively greater amounts 
of P®* than do their normal tissues of origin 
is explained by the increased amounts of 
nucleic acid that are synthesized by rapidly 
growing cells.” 
plies to the uptake by various tumors and to 


How this generalization ap- 


different stages of the same tumor is not 
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known, but probably it is unwise to assume 
that each component of the tumor cell is 
altered by the various neoplastic processes 
in the same way in all types of malignancy: 
this considered, there seems little assurance 
that melanoma will reproduce the P** uptake 
pattern observed in other types of tumor and 
the implication is that melanoma deserves 
separate study. 

An additional factor of significance for 
the problem of P** detection is the variation 
in composition and population of tumor cells 
that apparently occur among malignancies 
of the same type. Since the proportion of 
nucleic acid in various cancer cells may 
change at various stages of growth® and, in 
mitosis, may fail to keep pace with the rate 
of cell division,* it is reasonable to expect 
that variations in P** uptake among the 
melanomas, seen clinically, will occur. The 
ancillary observation of Casperson,’ that in 
epithelial tumors the nucleic acid content is 
higher in peripheral cells, suggests an un 
equal distribution of that material among 
malignant cells. 

With regard to cell population among tu 
mors of a particular type, it is possible for 
the proportion of tumorous cells found in 
certain epithelial malignancies to vary be 
tween 10 and 90 percent® indicating the need 
to control this factor by microscopic criteria, 
as suggested by Chalkley.* An example of 
this is the method by which differences in the 
cytochrome oxidase content of certain thy 
roid adenomas were resolved by corrections 
for variations in cell content.’ 

Since changes in composition and weight 
of tumor cells are more frequent among pri- 
mary malignancies, arising from normal tis 
sues of origin, homogenity may be improved 
by the use of experimental tumors,’ trans- 
plantation of which tends to concentrate cel 
lular elements without marked alteration in 
chemical behavior. Collation of specific tumor 
affinity for various isotopes under these ex- 
perimental conditions is then more standard- 
ized than in clinical studies, which fact may 
explain the observation that P** uptake by 
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these tumors was much less variable than 
with primary ocular malignancies previously 
reported.* 

The characteristic of malignant tissue to 
elicit from the host a constant new growth 
of capillary endothelium causes an increased 
vascularity of the tumor bed*:* which is one 
explanation offered for the increased uptake 
of certain blood borne isotopes. The use of 
RISA (I**") is principally based on this 
reasoning in that it persists at relatively high 
blood levels a great deal longer than most 
other chemical compounds, while not con- 
cerning directly the intracellular metabolism 
of the cancer cell. Opposed to the mainte- 
nance of high blood levels of RISA is the 
factor of thyroid uptake of free I’ and the 
rapid fall of tumor and liver activity after 
24 hours is probably directly related to this 
phenomenon. 

While the uptake and retention of Zn® 
exceeds that of P** in both liver and tumor 
the reasons for it are, at the present time, 
largely unexplained. Apart from the pres- 
ence of zinc in carbonic anhydrase” and its 
probable association with glycolysis and in- 
sulin reactions, little is known about the 
metabolic activities with which this metal is 
associated. Evidence exists that at least in 
some tissues zinc is associated with metabo- 
lism in cell nuclei’ which finding may cor- 
raborate recent evidence that labelled insulin 
(1I***) tends to localize intracellularly in liver, 
kidney, and muscle."* 

While the zinc content of normal tissues 
has been widely studied that of neoplasms 
has been compared with normal values in 


'S Woods showed that 


the glycolysis rate in melanoma slices asso- 


only a few instances.** 


ciated with use of a zinc deficient insulin was 
greatly potentiated by the subsequent addi- 
The that 


mammary gland tumors take up and retain 


tion of free zinc.*® observation 


considerably more zinc than does normal 


breast tissue™® is one of the few evidences 
that malignant tissue metabolism utilizes this 
element; another is the prominent zinc level 
observed in the preliminary experiments 


recorded here, concerning neutron-activation 
analysis of experimental malignant mela- 
noma. 

When malignant change occurs, the asso- 
ciated increase in rate of glycolysis repre- 
sents an alteration, which is likely more con- 


stant and of greater magnitude in cell chem- 
istry, than are the others that concern nucleo- 
protein synthesis and blood supply. Should 


the uptake of Zn® be in proportion to the 
intensity of local glycolysis, its use might 
permit a favorable tumor/normal tissue con- 
trast for localization studies, there being in- 
dications that glycolysis takes place at a very 
intense rate within the cell nucleus.” 

The evidence that a number of metals, 
zinc included, may combine with natural 
melanin complexes is well documented’* and 
makes it necessary to consider that the high 
uptake of Zn® by melanoma may be a pheno- 
menon which is specific to pigmented tissues, 
irrespective of malignancy. This work fur- 
ther indicates that the highest known concen- 
trations of zinc in living matter occur in the 
melanin pigmented tissues of the eye of some 
fresh water fishes,’® and that the amounts en- 
countered in corresponding tissues of mam- 
mals, while a good deal lower, always exceed 
those found in unpigmented tissues of the 
same animals.?° 

In the practical sense there are some limi- 
tations to use of Zn® clinically: Localiza- 
tion is difficult because of scatter of its high 
energy gamma emissions (1.12 m.e.v.) and 
use of a less energetic form (Zn) is ham- 
pered by production difficulty and short half- 
life. 

CONCLUSIONS 

1. Neutron-activation analyses of experi- 
mental malignant melanoma (S-91 Cloud- 
man) reveal the presence of trace amounts 
of zinc in pg. quantities plus several other 
metals. 

2. When isotope uptake studies were car- 
Zn®, and 


RISA (I***) albumen in 76 tumor-bearing 


ried on this tumor using P*, 


mice, results indicated that initially the tu- 
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mor Differential Absorption Ratio for P* 
is decidedly less than the corresponding 
values for the other two isotopes, 

RISA (I**) fell 


rapidly after one hour when thyroid uptake 


3. Tumor content of 
of the iodine was not prevented while levels 
of P** and Zn® remained closer to the ini- 
tial (one hour) values, the Zn** content being 
about three times greater than P** at the 
intervals tested (one to 72 hours). 

4. Limited the 
patterns responsible for these results con- 


discussion of metabolic 
cerns three main points: 

a. That the inconsistency of the P® up- 
take by tumors encountered clinically may, 
among other factors, be due to the variations 
of cell population and composition found in 


primary malignant tumors. 
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b. That high initial tumor levels of RISA 
(I°**) reflected tumor vascularity and were 
probably reduced subsequently by thyroid 
gland uptake, preliminary saturation of 
which was omitted. 

c. That sustained high levels of zinc up- 
take by melanoma may reflect either inten- 
sity of tumor tissue glycolysis or specific 
affinity of melanin for certain metallic ions. 

Ophthalmology Branch (14). 
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DISCUSSION 


Dr. Epwin Dunpuy (Boston): I shall only at- 
tempt to discuss this interesting paper and its pos- 
sible relation to clinical ophthalmology. 

Dr. O’Rourke and his 
demonstrated that the S" mouse melanoma takes 
up less P*® than Zn” and I", especially shortly 
after injection. In the body of the paper they point 
out the fact that it is that there are 
certain limitatioris in the use of his isotope of zinc 
in ophthalmolog scatter of high 
energy gamma particles 

They have advanced certain possible explanations 
why the P™ uptake vary during different 
stages of tumor growth, and between tumors of 
the same cell type. Most of us who have had ex- 
perience with the P® test in ophthalmology will 
agree that similar differences are seen clinically, 


issociates have amply 


untortunate 


because of the 


may 


which is somewhat analogous 

For instance, 
choroid will show perhaps a 40-percent differential 
uptake as compared with the other eye, while others 
of apparently the same size and equally accessible 
to the Geiger counter will 150-percent dif- 
ference. In each case the patient had received the 
same amount of P” per kg. of body weight, and the 
test was performed in the same 24-hour interval 

In my own experience no false negatives have 
occurred in choroidal tumors when the lesion was 
to the counter. It is perfectly possible, 
of course, that this may happen during an inactive 


some malignant melanomas of the 


show 


accessible 


phase of the tumor metabolism, and for this reason 
I have always placed much more reliance on the 


positive test than on a negative one 

In their bioassay of this experimental tumor the 
authors record the isotope uptake as its differential 
that is, the relatoinship of the 
muicrocuries per gm., to 
weight. Although their 


absorption ratio 
content of the 
that of the whole body 
results indicate that this differential absorption 
ratio is relatively small, I do not think this is of 
too much importance in the practical application of 
the test 

What is important to the clinician is the uptake 
of the tumor compared to its surrounding normal 


sotope in 


tissue, The neurosurgeons, for instance, have found 
P™ good in delineating brain tumors at operation, 
umor takes 


not because the up much of the isotope 


(it does not) but because the normal brain takes 
up so little. 

Likewise, in the human eye a malignant melanoma 
of the choroid or ciliary body expanding into the 
vitreous and covered over by sclera, both of which 
tissues show relatively little concentration, should 
show an increased uptake in relation to its back- 
ground. It is true, however, that the normal choroid 
shows a good concentration of its own, and this 
may confuse the picture. 

Some years ago Selverstone and I performed 
radio-assay of the various ocular tissues extracted 
from enucleated eyes following intravenous injec- 
tion of P*. The following slide will demonstrate 
our findings 

[Slide] This is what we call the activity ratio 
compared to that of the cornea, which was found 
in every case to be very low, and we have indicated 
the radioactivity of the cornea in all these cases 
as one, as the standard, and the other figures are 
in relation to the cornea in each particular case. 

You will see that the sclera, reading across from 
left to right, has a relatively low uptake compared 
to the cornea, The aqueous is very low; so are the 
vitreous and the lens. The iris and ciliary body are 
definitely higher. The choroid is again higher, and 
please note this case on your extreme right. The 
retina has somewhat of an uptake, and the optic 
nerve more. 

Patient W. and Patient H. had malignant melano- 
mas which were analyzed. In the case of W., notice 
the activity of the tumor compared to that of the 
same patient’s choroid. You see it is perhaps two 
and one-half times as much, whereas in the case 
of H., on the extreme right, the activity of the 
tumor is actually less than that of the choroid. 

This is confusing, of course, and it is for that 
reason that I stopped testing back in 1949. I thought 
we really would not be able to apply this test clini- 
cally because of the rather high uptake rate of the 
normal choroid itself. 

However, as the years have gone by, my associ- 
ates and I have found that the test does have some 
practical value, and I think it is due to the fact that 
the tumor really is expanding into areas like the 
vitreous and those covered by the sclera, both tissues 
having so little uptake of their own 
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Pup A. 


CONTROLLED PARTICLE SIZE IN RELATIONSHIP 


TO PORE 


SIZE 


Peter, M.D., Woop Lypa, M.D., AND NARENDRA KRisHNA, M.B. 


Seattle, Washington 


The purpose of the present study was to 
determine the effect of uniform size latex 
particles on the resistance of the chamber 
angle. It was felt that if the porosity of the 
intratrabecular spaces is heterogenous, parti- 
cles of small diameter should only block a 
fraction of the pores and that larger diameter- 
particles should obstruct a greater portion of 
It was hoped that a 


established 


latex particle diameter and the trabecular 


the outflow channels 
correlation could be between 
pore size as manifested in the change of 
resistance to outflow. It was further hoped 
that microscopic studies would indicate at 
what point blockage to outflow occurred, as 
well as the size of particles that would or 
would not pass through the trabecula and 
collecting channels. Since hyaluronidase re- 
duces the resistance to outflow, a correlation 
between latex particle size and the hyaluroni- 
dase effect was also considered. 

The early work of Leber and the recent 
work of Theobald, Friedenwald, Thomassen, 
Bakken that 


veins have their origin in Schlemm’s canal 


and has established aqueous 
and that there exist direct channels from the 
outer wall of Schlemm’s canal to the epi- 
scleral venous plexus. The clinical detec- 
tion of aqueous veins by Ascher and Gold- 
the Neoprene casts of Ashton 

the 


Schlemm’s canal and the scleral surface of 


mann and 


demonstrate communications between 
the eye. 

Leber, Schwalbe, and Maggiore felt that 
the of 


Schlemm was not in direct communication 


under normal conditions canal 


with the intratrabecular spaces and that the 


*From the University of Washington Medical 
School. Supported by funds through Grant B-845 
of the National Institute of Neurological Diseases 
and Blindness, National Institutes of Health, Beth- 
esda, Maryland. 
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aqueous entered Schlemm’s canal by filtra 
tion. However, the presence of pores or di- 
rect the 
through the trabecula into Schlemm’s canal 


channels from anterior chamber 
has been suggested by the regurgitation of 
red cells into the anterior chamber by Kron- 
feld and confirmed by the histologic studies 
of Theobald, Sondermann, Ashton, Thomas 
sen, and Bakken. 

Huggert demonstrated that intracamerally 


could be collected from the aqueous veins 


injected bacteria of approximately 


in enucleated rabbit eyes and that bacteria 


up to 2.5 w would pass through these chan 
nels in the human eye. 

Francois et al., utilizing a microradio- 
graphic technique, showed that particles less 
than 1.5 » would pass through the trabecular 
meshwork whereas particles greater than 2.5 
u would not pass into Schlemm’s canal in 
the rabbit eye. 

In an ingenious study, Huggert collected 
chromium phosphate particles from the 
ligated aqueous veins of eyes previously in- 
jected intracamerally. When the filtrate was 
studied by optical and electron microscopy a 
distribution curve established that the greatest 
ot 


mately 1.1 p in size in rabbits and 


approxi- 
25 


concentration particles was 
in humans. In rabbits the majority of pores 
were within the 0.1 to 1.0 » range and, of 
these, the smaller size openings markedly 
predominated. 

The studies of Huggert and Francois et al. 
have adequately established the maximal 
sized particles that will pass through the 
trabecula and outflow channels. However, 
heteroporosity of the intratrabecular spaces 
and the relative predominance of certain size 
openings has only been suggested by the 
work of 
study is an attempt more accurately to an 


Huggert. Therefore, the present 
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alyse the distribution of pore sizes within 
the outflow channels of the eye. 

The perfusion technique of Barany for 
determining the facility of outflow is simple 
and easily applied to controlled studies. 
Becker has established a close correlation be- 
tween perfusion in vitro and in vivo and the 
tonographic method of determining facility 
of outflow. The present investigation is an 
attempt to produce varying degrees of physi 
ologic blockage of the anterior chamber angle 
by intracameral injection of controlled size 
particles and to correlate these changes with 
outflow as 


the alteration in resistance to 


measured by perfusion. 


METHOD 


For the purpose of the present study a 
perfusion apparatus, modified after Barany, 
was employed and was similar to that utilized 
in our previous studies.* 

Two one-ml. pipettes, calibrated in 
0.01 ml., were placed horizontally and at the 
same level as the eye to be perfused. The tip 
of the first pipette was connected by a short 
length of intravenous latex tubing to the base 
three 
pipette was connected to its side arm. The 
outlet of the 


one-half 


of a way stop-cock and the second 


st yp-Ce ck 


inch 25-gauge 


was adapted to 
stainless steel 
needle. 

Saline buffer solution was drawn into the 
stop-cock and one pipette, then the buffered 
latex solution was injected through the rub 
ber tubing of the second pipette. In this man- 
ner the solutions in the parallel pipettes were 
contiguous with each other being separated 
only by the internal wall of the stop-cock. 
When a steady state with the saline buffer 
was reached, the stop cock 
the buffered 
enter the eye without trauma. To the open 


was turned and 


latex solution then allowed to 


end of the pipettes was adapted a manostat 
of water regulated to a pressure equivalent 
to 20 mm. Hg. The pressure was exerted 


equally to each pipette. 


* Unpublis ied report 


rABLE 1 


UNIFORMITY PARTICLE SIZE OF 
MONO-DISPERSED LATEXES 


Number of 
Determinations 


Standard 
Deviation 


Particle 
Diameter 


0.138 0.0062 526 
0.264 0.0060 577 
0.365 0.0079 438 
0.880 0.0080 1164 
1.171 0.0133 315 


The saline buffer solution used in the ex- 
periments consisted of nine parts physiologic 
solution and one part Sorenson’s phosphate 
buffer adjusted to pH 8.04. The latex parti- 
clest utilized were mono-dispersed latexes’ 
particles of unusually uniform diameter, as 
shown in Table 1. 

The latex particles were suspended as a 
five-percent concentration in the saline buffer. 
All solutions and the eyes were maintained 
at 25 to 27°C. 

Albino rabbits, approximately 2.5 to 3.5 
kg., were used in this study. Upon killing 
the animals by an intravenous air injection, 
the eyes were enucleated immediately and 
excessive conjunctiva excised, The eyes were 
placed in a Petri dish with saline-moistened 
cotton. Canalization of the anterior chamber 
by the needle was made approximately two 
mm, anterior to the limbus in an oblique 
direction. In the present method only one 
puncture of the anterior chamber was re- 
quired and the “massage” effect was elimi- 
nated. The actual perfusion usually was 
initiated within 15 minutes after enuclea- 
tion, 

Perfusion was performed on at least 10 
enucleated eyes with each particle size 
studied. The time in minutes required for 
0.01 ml. of 


chamber is a measure of the resistance to 


solution to enter the anterior 


flow in the enucleated eyes. 
As the latex particles filled the angle, the 


resistance increased. The rate of increase in 


resistance was directly proportional to the 


t Dow Chemical Company, Midland, Michigan. 


199 


PHILIP A. 


PERFUSION — 0.880 MICRONS 


ANGLE OC 


LUDED 


R«6 min. 352 sec 
C+0.077 


x FIRST APPEARANC 


24 


14. Rei min 59 sec 
* 


Minutes 10 20 30 | 40 | 50 60 ] 
(Peter, Lyda, and Krishna). Tracing of 
perfusion, Latex diameter, 0.880. 


80 90 100 110 


Fig. 1 


rapidity of gross angle blockage. However, 
the rapidity of angle blockage was not re- 
lated to the size of the latex particle utilized. 
In almost every eye the latex particles 
formed a zone encircling the chamber angle. 
As the latex ring approached a complete en- 
circling of the angle, that is, macroscopically 
complete angle blockage, the resistance in- 
creased rapidly and soon thereafter a steady 
state was reached (fig. 1 and 2). 
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PERFUSION — 0.880 MICRONS. 


ANGLE OCCLUDED 


FIRST APPEARANCE 


2- 
R= 2 min. 9 sec. 
C#0.232 
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RESULTS 
Because of its distinct color characteristics, 
the first appearance of the latex particles 
within the anterior chamber was readily ap- 
parent. The 
of the stop-cock to the anterior chamber was 


‘ 


‘dead” space from the center 


approximately 0.03 ml. 

The filling of the anterior chamber with 
the latex particles may be compared with 
that of snow “banking” against a fence. 
Usually either one portion of the angle filled 
first and then the contiguous portions filled 
until the entire angle was blocked or a series 
of “pseudopods” stretched toward the angle, 
where “banking” occurred in both directions 
until a ring of latex was formed completely 
blocking the angle macroscopically. Only 
after the blocking of the angle did the cen- 
tral portion of the anterior chamber fill. 

Latex particles of 1.17 w could not be 
maintained in solutions diluted to five per- 
cent or less unless the surface tension was 
changed by additives. Since the perfusion 
solution is different, the results with 1.17 p 
latex particles cannot be used in the correla- 
tion and will be reported another time. 


R= 5min. 39 sec. 
C+0.0885 


Fig. 2 
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TABLE 2 


RESULTS 


No. of 


Eyes 


Average Resistance 
Buffer 


Particle 
Size 

(sec.) 
41 
38 
33 
26 


(my) min.) 
0.138 
0.264 
0.365 
0.880 


10 
10 
10 
13 


There was essentially no difference in the 
time required for one ml. of saline buffer 
of 
solution to flow through the apparatus itself. 


solution or for one ml buffered latex 

Previous studies of our own and those 
of others have established a normal for the 
facility of outflow in perfusion of enu- 
cleated rabbit eyes. In this study, the average 
resistance of the 43 control eyes was two 
minutes and 34 seconds, or, a facility of out- 
flow of 0.195. For the purpose of this study 
it was elected that each eye should serve as 
its own control as the steady-state of the 
saline buffer was compared with the steady 
of the Table 2 illustrates the 


average resistance and facility of outflow for 


state latex. 
each of the four particle sizes utilized in this 
study. 

C-Latex 

A plot of the ratio of —-———— shows the 
C-Buffer 

wide scatter of these points (fig. 3). The 

letter “X”’ 


age ratio for each particle size studied. It 


identifies the position of the aver- 


may be further noted that the average ratio 
for each particle size studied lie closely to- 
gether and are of no significance. 
An analysis of the variance of the ratio 
C-Latex 
— between the groups and also 
C-Buffer 


of 


within each group shows an “F” of 1.67, 
whereas, an “F” score of approximately 14.6 
is required to be significant at the five-per- 
cent level of confidence. Statistically, then, 
there was no significant difference in the 
resistance of the chamber angle when a 
physiologic blockage of the outflow channels 


PERFUSION 43 ENUCLEATED RABBIT EYES 


Average C 
of Latex 


Average Resistance 
Latex 


Average C 
of Buffer 


(min.) 


. 1869 7 
. 1895 9 
1960 


.2121 10 


was produced by controlled sized particles 
having a size range from 0.138 » to 0.880 p. 
That is, particles of a size range that should 
pass through the trabeculum have similar re- 
sistance values. 


MICROSCOPIC STUDIES 


Histiologic studies were made of the per- 
fused rabbit eyes at the completion of each 
experiment. Since the latex particles are lost 
with the usual fixation and staining tech- 
niques the eyes were cut in frozen section 
and stained with aqueous eosin and hema- 
toxylin without clearing. They were then 
mounted on the slide in a gelatin film, Sec- 
tions were made for each of the five particle 
sizes used in the experiment and studied with 
regular and polarized light microscopes. 


83 


77 


i 
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Fig. 3 (Peter, Lyda, and Krishna). Scatter ratio 
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————— per particle diameter. 
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Particles of latex were found embedded in 
the trabecular meshwork in what appeared 
to be a solid mass. In most sections, particles 
could be seen sparsely scattered in Schlemm’s 
canal. In some of the sections of each par- 
ticle size a few particles could be found in 
both the scleral and episcleral vessels. These 
findings would seem to indicate that at least 
some particles of each size would pass 
through Schlemm’s canal and eventually into 
the episcleral plexus. 

The relatively few particles that did pass 
through the episcleral plexus were of insuffi- 
cient number to produce any blockage of 
the vascular channels. The blockage that did 
occur was confined to the trabecular mesh- 
work. From the histiologic studies at least, 
there was no indication of any difference 
between the various particle sizes as far as 
penetration into the episclera was concerned. 
Any blocking effect the mass of particles 
produced was in the anterior chamber and 
the trabecular meshwork. However, the 
histiologic studies confirmed the findings of 
many authors that direct communications 
exist between the trabeculum and Schlemm’s 


canal. 


PERFUSION WITH HYALURONIDASE 
Our studies and those of others confirmed 
Barany’s findings that hyaluronidase added 


to the perfusate reduces the resistance of the 


PERFUSION-0.356 MICRONS 


Resistance 
y 
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chamber angle by approximately 50 percent. 
An alteration of hyaluronidase-sensitive mu 
copolysaccharides within the trabeculum has 
been suggested by Barany as the reason the 
resistance is decreased. If there is a modifica 
tion of the size of the intratrabecular spaces, 
at the same time it could be hypothecated 
that such a change in pore size may.be re- 
flected upon the resistance of latex particles 
of controlled diameters. To investigate this 
possibility the perfusion technique was modi 
fied slightly in that after the latex particles 
of a known size were perfused into the an- 
terior chamber of enucleated rabbit eyes and 
a steady state reached, buffered hyaluroni- 
dase* solution from the second pipette en- 
tered the anterior chamber. With the hyalu 
ronidase in the perfusate there was essentially 
no change in the resistance (fig. 4). In the 
majority of eyes the steady-state continued 
without alteration. In approximately 20 per- 
cent of the eyes the initial inflow of hyaluron- 
idase was accompanied by a slight decrease in 
the resistance in the range of 12 to 18 percent. 
In no case was the change in resistance 
greater than 20 percent. This effect was ex- 
pended following 0.02 or 0.03 ml. of further 
strength of the 


perfusion. Varying the 


hyaluronidase from 15 to 75 turbidity re- 


* Testicular hyaluronidase supplied by Wyeth 


Laboratories, Inc., Philadelphia 


HYALURON IDASE 


Minutes 10 20 30 40 50 60 70 80 90 100 II0 


Fig. 4 (Peter, Lyda, and Kirshna). Tracing of perfusion. Latex particle with added hyaluronidase. 
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ducing units per milliliter did not modify the 
results. 

It would appear that hyaluronidase pro 
duced no change in pore size of the latex 
occluded chamber angle as measured by 
change in resistance. These findings were 
similar to Huggert’s in which he found no 
change in the composition of the filtrate be- 
tween normal and hyaluronidase treated 
eyes. Francois et al. felt there was an enlarge- 
ment of the trabecular clefts and the orifices 
into Schlemm’s canal following hyaluroni- 


dase. 
DISCUSSION 


Previous studies utilizing bacteria suffer 
from several inherent variables. The size of 
bacteria vary within the strain and also dur- 
ing the same stage of their growth cycle. 
Chemical particles such as chromium phos- 
phate are rather heterogenous in size within 
limits and frequently aggregate into units 
much larger than their original size. It is 
extremely difficult to ascertain if the aggre- 
gate occurred in the anterior chamber or 
after perfusion. It was hoped that mono- 
dispersed latex particles would eliminate 
these objections. The latexes provide a series 
of test solutions, each limited to polystyrene 
particles of exactly the same size and solu 
tions in which the exact concentration of par- 
ticles can be controlled. In addition, the par- 
ticles are inert and manifest essentially no 
tendency to aggregate or change in size. 

Studies by Theobald, Ashton, and others 
that 


tween the trabecular spaces and Schlemm’s 


indicated there were open pores be 
canal. We found that latex particles of sizes 
0.13 to 1.11 w pass through the trabecula as 
microscopic studies revealed the particles 
of each size in Schlemm’s canal and the epi 
scleral plexus. 

We purposely used only those particles 
that would go through the trabecula to see if 
blockage of the spaces by particles would 
indicate any difference physiologically in the 
sizes of the trabecular spaces. 

If the trabecular pores are heterogenous in 


size, perfusion with the smaller particles 


would have less resistance for the larger 
openings are not blocked completely by small 
particles, whereas perfusion with the larger 
particles would have a greater resistance 
for a larger number of the pores would be 
occluded. The correlation between particle 
size and the change in resistance would 
indicate a distribution of pore size within the 
angle of the eye. Statistical analysis reveals 
the resistance to be essentially the same for 
all particles studied. 

Study of the microscopic material and the 
tracings revealed why we should find essen- 
tially equal resistance values with different 
sized latex particles. Microscopic studies in- 
dicated that though latex of each size pass 
through the trabecula, most of the particles 
are banked in and against the trabecula. 
That the anterior chamber was eventually 
filled with particles would seem to indicate 
that the preponderance of particles created 
the resistance. That it was actually the par- 
ticles within the trabecula is shown by the 
sudden levelling off of resistance when the 
angle was macroscopically blocked. The re- 
sistance remained stabilized on continued 
perfusion even after filling the anterior 
chamber with particles. 

Though openings do exist between the 
intratrabecular spaces and the inner wall of 
Schlemm’s canal, the number of these open- 
ings would appear to be limited, Thus, it 
would appear that latex particles become 
trapped within the trabecula not as a func- 
tion of the trabecular size per se or the num- 
ber of trabecular spaces per se but rather 
by the limited number of openings present 
between the trabecula and the inner wali of 
Schlemm’s canal. Thus, it would appear that 
the greatest degree of resistance occurs in 
the region of the junction of the trabecula 
to Schlemm’s canal. We have considered this 
analogous to open-angle glaucoma in which 
the smaller openings in the trabecula and 
inner wall of Schlemm’s canal might be 
blocked by hyalinization. 

In no eye did the latex particles produce 
a complete mechanical obstruction. That the 
flow continues even after blockage of the 
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angle would indicate that some particles may 
continue to pass through the outflow chan- 
nels but rather we feel that the greatest por- 
tion of the flow is fluid passing between the 
interfaces of the latex particles much as 
water filters through gravel. Previous stud- 
ies,* in which the outflow by weight was 
measured, failed to recover from three to 


eight percent of the inflow. It is assumed 
that this fluid may infiltrate back into the 
ciliary body and suprachoroidal space and 


that some fluid is expended in scleral dis- 
tention. 

We can conclude that increased resistance 
to outflow with the particles smaller than 
the trabecular spaces and presumably larger, 
increases resistance by blocking the trabecu- 
lar meshwork and probably at the level of 
the inner canal. The 
increase in resistance that takes place in the 


wall of Schlemm’s 
trabecula is not influenced greatly by hyalu- 
ronidase. 


* Unpublished report 
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SUMMARY 


1. The change in resistance in the cham- 
ber angle of enucleated rabbit eyes was 
studied by perfusing latex particles of 0.15, 
0.26, 0.36, and 0.88 » diameter. 

2. No significant correlation between the 
diameter of the particle utilized and the 
change in the resistance could be found. 

3. Addition of hyaluronidase to the per- 
fusate produced no change in resistance in 
latex-treated eyes. 

4. The intracameral perfusion of enu- 
cleated rabbit eyes with latex particles of 
less than one-~ diameter and their micro- 
scopic study revealed the particles to be 
found in the trabecula as well as in the 
scleral and episcleral vessels. 

5. It would appear that the greatest degree 
of resistance to latex perfusion occurs in 
the region of the inner wall of Schlemm’s 


canal. 
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DISCUSSION 


Dr. Peter C 
interesting study 
lishes the fact that latex particles in sizes smaller 
than the narrowest portion of the outflow channels 
are capable of impeding the flow through the 
corneal trabeculas of the rabbit, if such particles 
are added in five-percent concentration to a buffered 


KRONFELD (Chicago): This very 
xy Dr. Peter and his group estab- 


saline perfusion fluid 

Microscopic examination of frozen sections shows 
solid masses in the inter- 
ists’ interpretation that 


these particles to form 


trabecular spaces The essay 
the preponderance of those particles in the trabecu- 


lar area cause the increased resistance seems very 
plausible to me. 

In a system of passageways as winding, intricate, 
and full of blind alleys as the intertrabecular 
spaces, it is conceivable that massing and accumula- 


could 


tion of particles occurs, particles which by them- 


selves, that is, individuall very easily move 
forward or backward. 

Dr. Peter's study, I believe, is a beautiful con- 
firmation of some work done by the late Dr. Jonas 
S. Friedenwald, in 1932, blocked the out- 
channels of living with homologous 
He did this work for the purpose of estimat- 


when he 


flow animals 
serum 
ing the rate of 


by an ingenious method he 


aqueous flow in living animals, and 
gradually replaced the 
aqueous with serum of the same animal 

There is a very striking parallelism between the 
experiments by Dr. Peter and Dr 
The concentration of colloidal par- 


two sets of 
Friendenwald 
ticles that were injected was about the same. The 
particles used by Dr. Friendenwald were not of 
uniform size, but on the whole they were smaller 
than the latex particles used by Dr. Peter 

The results of the two sets of experiments were 
strikingly The 
flow was almost the same in the 
periments 

The point brought out by Dr 
action of particles, which by themselves would not 
have the quality of blocking the angle, can affect 
mass action, and I think that 
research 


similar increase im resistance to 


two sets of ex- 


Peter is that inter 


aqueous outflow by 
fact should be a lead for 

There is at least the possibility that the anatomic 
area of affected 
now know quite 


ruture 


changes in the trabecular cases 
with simple glaucoma, which we 
well, are not a primary degeneration but are per- 
haps secondary to some flow disturbance brought 
on by a still unknown and not really investigated 
anomaly of the chemistry of the aqueous 

Dr. Peter has concerned himself primarily with 
the immediate effects of injections of particles of 
a certain size into the anterior chamber. The late 
effects are also interesting 

Dr. Huggert, of Sweden, just made 
contribution by giving single or repeated injections 
of particulate matter and then observing the ocular 
for periods of several 


another 


tension in living animals 
weeks. Under the conditions of these experiments, 
there was a relationship between particle size and 
Unfortunately, Dr. Huggert 


elevation of tension 


did not avail himself of the advantage of tonog- 
raphy, which would have enabled him to distinguish 
between effects on the outflow channels and mask- 
ing of the effects by the depression in the aqueous 
flow rate. Repeated injections in the anterior 
chamber are bound to affect the aqueous flow rate. 

As far as I can see, this is the third era in the 
history of ophthalmology during which the effec- 
tive pore size of the outflow channels has been very 
much in the limelight, and the present period is 
particularly fruitful. 

Dr. Peter’s presentation here today is a clear-cut 
example of that. I think we are also very for- 
tunate in having with us at this meeting one of the 
key investigators of this problem, Dr. Francois of 
Belgium 

Dr. J. Francois (Ghent, Belgium): In a micro- 
radiographic study of human eyes we have shown 
that particles of more than 2.25 micra cannot be 
visualized in Schlemm’s canal even after hyaluroni- 
dase, because the great majority of them do not 
pass through the pores 

Another factor, which has as much importance 
as the size of the pores, is the depth of the anterior 
chamber. We did a series of experiments involving 
systematic modification of the depth of the anterior 
chamber by reducing the volume of the posterior 
half of the eyeball. It was always found that the 
resistance showed a marked increase to the extent 
to which the anterior chamber diminished in width. 
The phenomenon reversible in both 
directions 

Dr. NormMAN Asnuton (London, England): It 
occurred to me on my way here that these investi- 
gators might like to see some slides showing the 
anatomy of the trabecular meshwork and trabecular 
pores, especially since it have some bearing 
on the interpretation of their work. The first slide, 
a flat preparation stained with methylene blue and 
examined by dark ground illumination, shows very 
size of the 


was always 


may 


clearly the striking variability in the 
pores in the trabeculae, and the tendency for each 
pore to be covered on either side by the adjacent 
lamellae. In anteroposterior sections this overlapping 
arrangement is well seen 

It would appear, therefore, that the degree of 
porosity of the meshwork is dependent not only 
upon the pore size but also upon the width of the 
intratrabecular which necessarily varies 
with the degree of compactness in the meshwork. 
During the presentation of this interesting paper 
I was wondering whether injection of Neoprene 
into the anterior chamber might not compress the 
meshwork to such a degree as to give an entirely 
false impression of its normal porosity. In any 
event, this possibility should be taken into account 
in assessing the significance of the findings 

[ was interested to hear that hyaluronidase had 
no effect on the passage of Neoprene because this 
is in accord with a similar work carried out in 
my own department (Pedler, 1956). Whether these 
findings have any bearing on the function of the 


spaces, 
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living eye, however, is still open to question 

Dr. FRANK VESEY Ohio): The time 
has come when we should realize that a glauco- 
matous eye is a diseased eye in a diseased body. It 
is not such a simple problem of local degeneration 
of the trabeculae. It has very little to do with it. 
As a matter of fact, increased intraocular pressure 
alone is far from the that we dread as 
glaucoma. 

The tremendously high pressure, uncontrollable in 
secondary glaucoma of the vascular diseases of 
occiusion of the central vein of the retina, of 
hypertensive, hemorrhagic glaucoma, are not the 
cause of this Schlemm’s canal occlusion, and the 
Schnabel lacunar atrophy of the optic nerve, which 
is mislabeled as glaucoma without pressure, is the 
disease that blinds, and it is not due to degenera- 
tion of the trabeculae 

I myself tried to contribute in a little way to 
the solving of this controversy between the physio- 
pathologic concepts and the mechanical concepts 
I did experiments in which I believe I succeeded 
in obstructing the anterior chamber angle of rab- 
bits without ever having been able so much as just 
for a minute to raise the intraocular pressure of 


yledk 


disease 


rabbit eves 

I have sewn up the root of the eyelids all around 
the circumference of the cornea of the rabbit, and 
never saw any increase in intraocular pressure 
I have installed polyethylene tubing in the chamber 
angle of rabbits, with good results, with never as 
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much as five minutes of elevation of intraocular 
pressure in rabbits 

Therefore, I point out to you that this is not 
a simple problem of occlusion of the trabeculae. I 
do believe that Schlemm’s little to do 
even with intraocular pressure. It be an en 
tirely different with an entirely different 
role 

I have seen Dr 
Of course he labeled it as 


canal has 
may 
organ 


Francois’ wonderful microslides 
into Schlemm’s 


those particles 


going 
canal, but | that 
went into the ciliary body much more readily than 


also have secn 
into Schlemm’s canal 

Dr. Purp A. Peter (closing). I wish to ex- 
press my sincere thanks to Doctor Kronfeld for 
his instructive and helpful discussion and to the 
guests for their interesting comments. It is indeed 
an honor to hear such distinguished ophthalmolo 
gists 

It was our desire to bring to your attention the 
availability of the mono-dispersed latex particles 
We feel the unusual characteristics of the particles 
distinguish them as an investigative tool through 
which further research by other investigators may 
yield more information concerning the anatomy of 
the normal and pathologic angle of the eye. 

We are continuing this work. Currently, only 
limited quantities of the latex particles are inserted 
into the anterior chamber in the enucleated eye and 
similar studies are under investigation in the living 


eye. 
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In a previous publication’ we reported the 
results of a neurohistologic examination of 
the trabecular meshwork in four species of 
The indicated 


striking similarities in the innervation of this 


vertebrates. investigation 
region among these species. The pattern of 
innervation in the chamber angle, and specif- 
ically in the trabecular meshwork, was ob- 
served to be that of a plexiform arrange- 
ment of delicate preterminal and terminal 


* From the Ophthalmology Branch, National In- 
stitute of Neurological Diseases and Blindness, 
National Institutes of Health, Public Health Serv- 
ice, Department of Health, Education, and Welfare 


axons arising from the corneal and irido- 
ciliary plexuses. The nerve fibers appeared 
to end solely as free filaments ; no specialized 
receptors or neural end-organs were noted 
in the anterior segments of the eyes. The 
histologic techniques included intravital 
methylene blue staining of whole mounts 
and silver impregnation methods on serially 
sectioned material. 

With reference to the question of a possi 
ble nervous influence on the regulation of 
the intraocular pressure, it is of interest and 
importance to determine the origin of the 
axons represented in the trabecular mesh- 


INNERVATION OF 


work in view of the role this region plays 
in the aqueous outflow mechanism. Accord- 
ingly in the present investigation a series 
of denervation procedures were carried out 
in an attempt to remove the postganglionic 
nerve fibers of the parasympathetic, sympa- 
thetic, and trigeminal nerve supply to the 
eye. The trabecular meshwork was then ex- 
amined for the presence of degenerating 


axons, 


MATERIAL AND METHODS 


The following denervation procedures 
were carried out on albino rabbits weighing 
from one to five kilograms: opticociliary 
neurotomy (five animals), superior cervical 
ganglionectomy (six animals), ciliary gangli- 
onectomy (seven animals), and trigeminal 
animals). More 


but about half of them 


neurotomy {six animals 
were operated on, 
were excluded because of failure of the tech- 
nique or early incidental death. 

The neurohistologic techniques comprised 
methylene blue vital staining utilizing whole 
mounts of the anterior segment and Bodian 
and Gross-Schultze silver impregnation pro- 
cedures as outlined in the previous study. In 
each of the experimental animals the oppo- 
site, unoperated eye served as control and 
was treated identically to the eye on the 
operated side. In all surgical procedures 
anesthesia was induced by intravenously in- 


jected sodium pentobarbital in a dose of 25 


mg. per kg. supplemented by ethyl ether 
inhalation. The postoperative care included 
penicillin-streptomycin 
for the first 


daily injections of 


mixture (Combiotic, 2.0 cc.) 
postoperative week. In the animals subjected 
to trigeminal neurotomy, the lids of the 
operated side were kept closed by sutures to 
prevent the development of a neuroparalytic 
keratopathy. The animals were killed at ap- 
propriate time intervals by an overdose of 
intravenously injected sodium pentobarbital. 
The operative techniques used in the de- 
nervation experiments are outlined as fol- 


lows: 


CHAMBER ANGLE 


1. OPTICOCILIARY NEUROTOMY 

All nerves entering the eye were severed 
at the posterior pole in order to establish the 
histologic appearance of degenerating axons 
in the area of interest. The technique was 
similar to the procedure used clinically on 
the human eye.* The posterior pole of the 
globe was exposed by an approach from the 
temporal side after the lateral rectus was 
detached. The optic nerve, long and short 
ciliary nerves, and the vessels were then 
severed with curved 
The region of the posterior pole of the eye 
was then cleaned of fascia, nerves, and ves- 
sels, and the entire field cauterized with a 
thermal cautery kept to as low an effective 
temperature as possible. After attachment of 
the lateral rectus the wound was closed. 


enucleation scissors. 


2. SUPERIOR CERVICAL GANGLIONECTOMY 


Since the 
known,’ no details are given here. No animal 


operative procedure is well 
was included in the series unless removal of 
the ganglion was verified histologically. The 
clinical signs of the ganglionectomy were 
considered ancillary. 


3. CILIARY GANGLIONECTOMY 


The procedure in this study resembled that 
described by Shen and Cannon‘* but was 
modified by a purely intraorbital approach ; 
no bone, fascia, or muscles were removed as 
in the extraorbital method. The motor nerve 
to the inferior oblique was identified at the 
point where it passes below the medial mar- 
gin of the inferior rectus and is imbedded 
in the fascia of the Hardarian gland. The 
course of this nerve guided the blunt dissec- 
tion of a fascial plane leading deep into the 
orbit to the junction of the branch with the 
oculomotor stem. A slender retractor was 
then inserted along the nerve to keep fascia 
and muscles out of the operation field. 

The operative procedure was aided by the 
use of the Zeiss otoscope. The X 10 magnifi- 
cation greatly faciltated the identification of 
the site of the ganglion, since in the rabbit it 
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rarely exceeds 0,4 mm. in its greatest dimen- 
sion.® Just above the point of junction of the 
motor nerve to the inferior oblique with the 
oculomotor stem the ganglion can be visual- 
ized. It lies deeply in the apex of the orbit 
lateral to the optic nerve and medial to the 
external rectus muscle. It sometimes forms 
a nodular swelling on the medial surface of 


the third nerve, and its short ciliary branches 


appear as though they were the first division 


of the oculomotor stem. 

The ganglion was excised with a short 
piece of the oculomotor nerve to which it ts 
attached. The short ciliary nerves were sev- 
ered close to the ganglion to complete the 
excision. By taking the precaution of sec- 
tioning these nerves close to the ganglion and 
by keeping in the immediate vicinity of the 
oculomotor stem it was felt that the excision 
of the ganglion could be accomplished with- 
out disturbing the long ciliary nerves. 

The animals showed fixed, dilated pupils 
on the operated side, but none were included 
for evaluation unless there was histologic 
proof of complete removal of the ganglion. 


4. TRIGEMINAL NEUROTOMY 
The 
standard extradural approach in the middle 


operative procedure followed the 


cranial fossa as described for primates.® 
After the temporalis muscle was severed 
from its origin and deflected, a 1.5 cm. hole 
was trephined in the temporal bone as far 
inferiorly as possible, just above the tem- 
poro-mandibular joint. This opening was en- 
larged with ronguers to about twice its di- 
ameter. The dura was bluntly separated from 
the bone by wedging Cottonoid between the 
two structures; this packing procedure also 
controlled bleeding. 

By gentle retraction of the brain the post- 
ganglionic branches of the fifth nerve could 
be seen under X10 magnification, although 
sometimes with difficulty, They run in a 
groove covered by dura. After the dura was 
deflected the nerve branches were cut with a 
thin bladed knife or interrupted by avulsion. 
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It was necessary to extend the section of 
the nerve deeply into the floor of the groove 
and as far medially as possible because the 
ophthalmic branch is situated in the inner 
most part of the groove and often slips under 
the blade or forceps in the process of sever- 
ing the nerve. In the closure procedure the 
bony defect was filled supradurally with gel- 
foam. In some animals the temporalis muscle 
was reattached. 

A troublesome postoperative complication 
consisted of asymmetric closure of the 
mouth, which prevented the animals from 
chewing. Under this condition it was difficult 
to keep the rabbits alive beyond five or six 
weeks. Suturing of the lids as a rule pre- 
vented the formation of keratitis ; in one ani- 
mal only the cornea became slightly cloudy 
in one quadrant. The criteria for successful 
trigeminal neurotomy were clinical. The de- 
gree of anesthesia of the lids was tested by 
crushing the skin with a hemostat and of the 
cornea by touch with a cotton wisp. The 
absence of the reaction to skin trauma or of 
the blink reflex upon corneal touch was com- 
pared with the responses of the eye on the 
unoperated side, 

Neurotomy was considered complete on 
this 


series. The remaining three rabbits suit- 


clinical grounds in three animals of 


able for study were adjudged incomplete 
These 


creased or absent sensation in some parts of 


neurotomies. animals exhibited de- 
the lids, but sensation appeared to be intact 
in other portions. The corneas of all these 
animals displayed diminished or absent sen- 
sation ; however, a blink reflex could be elici- 
ted in some areas or could be evoked by 
summation; that is, by dragging the cotton 
wisp over a small area of the cornea. In two 
of the animals the site of section was deter- 
mined by post mortem and histologic exam- 
inations, which ascertained that all post- 
ganglionic fibers were cut. 

The present report contains also a brief 
description of the innervation of the human 


trabecular meshwork of an eye, the normal 
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anterior segment of which was stained intra- 
vitally with methylene blue and mounted as 


a whole. 


(OBSERVATIONS 


The observations are grouped according 
to the following scheme: 
A. The innervation of the human trabecu- 
lar meshwork. 
B. Axonal morphology in the rabbit tra- 
becular meshwork following: 
Opticociliary neurotomy 


1. 
2. Ciliary ganglionectomy 


3. Superior Cervical ganglionectomy 
4. Trigeminal neurotomy 


A. INNERVATION OF HUMAN TRABECULAR 


MESH WORK 


The results of the methylene blue method 
applied to the human trabecular meshwork 


~ 


*Fig. 1 (Holland, von Sallmann, and Collins). 
Axonal arborization in the human trabecular mesh- 
work (215). 

* All of the illustrations herein are from methy- 
lene blue vitally stained material except Figures 18 
and 21, which are from sections stained by silver 
methods of Gros, Schultze and Bodian, respec- 
tively. 

Figures 1 and 2—human eye. 

Figures 3 through 25—rabbit eye. 

Figure 3—opticociliary neurotomy. 

Figures 4 through 13—ciliary ganglionectomy. 

Figure 14 through 19—superior cervical gang- 
lionectomy. 

Figures 20 through 25—trigeminal neurotomy. 

The magnification and the times of death are 
indicated in each figure. 


Fig. 2 (Holland, von Sallman, and Collins). 
Relationship of terminal axonal arborization to fibers 
of the trabecular meshwork. The oval, clear areas 
represent the spaces between individual, semitrans- 
parent trabecular bundles. A preterminal axon loops 
among several trabeculae, gives off one or two 
fine branches, and finally runs along the margin 
of a trabecula to end near its base as a free fila- 
ment (430). 


corroborated previously reported observa- 
tions which were based on serially sectioned 
silver-stained material. In addition the whole 
mount technique permitted a comprehensive 
view of the total innervation of the mesh- 
work. 

The preparation revealed a striking abun- 
dance of nerve fibers in this region, a fact 
which was not fully appreciated in the silver 
stained sections. An immense number of 
nerve fibers extended from the ciliary and 
iridociliary plexuses to arborize in many dif- 
ferent planes in the trabecular meshwork 
(fig. 1). In general, bundles seen in the hu- 
man eye were less conspicuous than those 
seen in the rabbit, since the former were 
recognized only with magnification, whereas 
they could be distinguished grossly in a 
methylene blue vitally stained preparation 
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Fig. 3 (Holland, von Sallmann, and Collins). 
Absence of nerve fibers in trabecular meshwork 


following total denervation. A few scattered 
Schwann elements remain (2.5 wk., X223). 


of the anterior segment of a rabbit eye. 
Aside from this difference the innervation of 
this region was very similar in the two 
species. 

Trabecular nerve fibers which originate 
from corneal nerves were also present in the 
human. The type of ending noted was that 
of the free axonal filament ; no specialization 
of endings was evident. By using the whole 
mount it was also possible to study the topo- 
graphic relationship between the axonal ar- 
borizations and the trabeculae. In Figure 
2 the spaces in the semitransparent trabecu- 
lar network can be visualized.* 

A preterminal axon runs on and among 
several trabecular lamellae in a iooped course 
in slightly different planes. The preterminal 
axon gives off one or two fine branches and 
finally follows the margin of one trabecular 
fiber to end as a free axonal filament near 
the base of this fiber. There seems to be no 
regular arrangement of nerve fibers with re- 
spect to the architecture of the trabecular 
meshwork ; they appear to be distributed at 
random. The arborization of axons was ob- 
served in all parts and layers of the mesh- 
work but none were seen beyond Schwalbe’s 
line where the trabecular fibers insert. 


* When ideal staining has occurred only nerve 
fibers stain with the dye, the other tissue element 
remaining clear. 


B. AXONAL MORPHOLOGY IN RABBIT TRA- 
BECULAR MESHWORK FOLLOWING DENERV- 
ATION EXPERIMENTS 
1. Opticociliary neurotomy. The eyes of 

five animals were subjected to this procedure. 

Three of these eyes were examined after 

methylene blue vital staining (two killed one 

week postoperation, and one at two and one- 
half weeks) and two were examined utiliz- 
ing the Bodian and Nauta’ silver techniques 

(both killed at one and one-half weeks). 
After total denervation axons in the tra- 

becular meshwork as well as those in the iris 

and cornea were few in number and those 
observed were in various stages of degenera- 
tion at one week. Occasionally seen were 
isolated fragments of completely disorgan- 
ized axons or vestiges of Schwann sheaths, 
but most conspicuous was a marked diminu- 
tion or complete absence of all nerve fibers in 

the trabecular meshwork (fig. 3). 

One or two days after this operation the 
cornea usually showed edema, and neovascu- 
larization occurred along the entire limbus; 
the lens and cornea became opaque after- 
ward. Due to this severe reaction to the 
surgery and the onset of phthisis it was not 
worth while to examine eyes much later than 
a week or two after operation. 


Fig. 4 (Holland, von Sallmann, and Collins). 
A relatively well-preserved, palely stained bundle 
of axons contrasting with a darker stained H- 


shaped configuration of more severely affected 
degenerating nerve -bundles. The latter shows 
axonal fragmentation and proliferation of Schwann 


nuclei (4 wk., 130). 
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Fig. 5 (Holland, von Sallmann, 
and Collins). A small nerve in the 
upper field shows a single, thick- 
ened, degenerating axon with vari- 
cosities and fractures adjacent to 
thinner smooth normal fibers. The 
H-shaped pattern of nerves in the 
lower field shows prominent sheath, 
proliferation of Schwann cell nu- 
clei, degenerated axon fragments in 
the lower limb, and a fainter sheath 
with attempt at regeneration (te 
ward the left in the upper limb, see 
Figure 6) (4 wk., 130). 


2. Ciliary ganglionectomy. Methylene blue 
vital staining was utilized in five animals of 
this series (killed at intervals of 3, 4, 5, 7, 
and 7.5 weeks) and two were killed four 
weeks after surgery and the eyes reserved 
for silver impregnation. 

In all preparations fairly extensive, un- 
equivocal degeneration of axons was ob- 
served in the meshwork (figs. 4, 5, 6, 7, and 
8). The axonal changes which occurred in 
the eye stained three weeks after surgery 
were confined to disturbances in morphology 
consistent with early degeneration, for ex 
ample, axonal thickening, vesiculation, vari- 


cosities, fragmentation of axons, and bead- 


ing without continuity, sometimes hyper- 
staining of individual fibers, and occasionally 
granular disintegration (fig. 9). In addition 
to these changes, the other slightly older 
preparations showed the presence of empty 
Schwann sheaths, metachromasia of sheaths 
and degenerating fibers, proliferation of 
Schwann cell nuclei, increased staining of 
Schwann sheaths, and complete granular dis- 
integration of axons, often leaving portions 
unattached to the parent bundle. Various 
phases of degeneration were often present 
(fig. 10), infre- 
quently degenerating nerve fibers could be 


simultaneously and not 


seen coursing in the same bundle with rela- 


Fig. 6 (Holland, von Sallmann, 
and Collins). Higher-power view 
of part Figure 5, showing delicate, 
finely beaded axons indicating re- 
generation (800). 
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Fig. 8 (Holland, von Sallmann, and Collins). 
Degeneration and regeneration of axons in the 
trabecular meshwork proceeding concurrently after 
ciliary ganglionectomy. The lower portion of the 
nerve shows no axons, only a stained sheath with 
nuclei, while the upper portion shows a clear, fine, 
regenerating fiber, emerging from the nerve sheath 
(7 wk., «210). 


Fig. 7 (Holland, von Sallmann, 
and Collins). The nerve bundle 
shows staining of the sheath, pro- 
liferation of Schwann nuclei, a 
prominent degenerating fragmented 
axon, and several relatively better 
preserved nerve fibers. The vertical 
branch consists of Schwann nuclei 
interconnected by fibrillae (4 wk., 


750). 


tively well-preserved axons (fig. 11). 

There was perhaps some slight decrease 
in the over-all number of small nerve fibers 
when compared with control eyes ; however, 
this difference was not impressive when com- 
pared with the striking absence of axons fol- 
lowing total denervation. In other words, in 
spite of fairly extensive morphologic evi- 
dence of nerve fiber degeneration, marked 
absence of axons was not a characteristic 
feature. 

Scattered fibers were observed which had 
the morphologic characteristics ascribed to 
regenerating axons (figs. 12 and 13). They 
could be recognized as very thin, straight, 
irregularly beaded fibers, sometimes branch- 
ing at right angles from a bundle of axons 
showing degenerating fibers, and rarely 
terminating in growth cones. The eyes ex- 
amined four weeks after surgery appeared to 
be optimal for the detection of degeneration 
and regeneration. 


Fig. 9 (Holland, von Sallmann, and Collins). 
The degenerating axons in the bundle have broken 
up into discontinuous beadlike fragments (3 wk., 


465). 


{ 
7 * 
’ 
. » 
~ 
r 


INNERVATION OF CHAMBER ANGLE 


Fig. 10 (Holland, von Sallmann, 
and Collins), Over-all view of the 
innervation of the trabecular re- 
gion. The simultaneous presence of 
degenerating, regenerating, and nor- 
mal nerve fibers. The large X- 
shaped bundle contains normal and 
degenerating axons, staining of the 
sheath, as well as prominence of 
Schwann cell nuclei. The group of 
axons in the lower left corner 
shows fragmentation, and the con- 
necting bundle in the upper right 
field shows a number of normal 
fibers and one axon coursing in 
the center which clearly shows de- 
generative changes. The central 
arrow indicates very thin regenerat- 
ing fibers (see fig. 12) and the 
upper left arrow points to an empty 
Schwann tube and Schwann nuclei 
(4 wk., 130). 


Fig. 11 (Holland, von Sallmann, and Collins). 
A relatively normal axon adjacent to one showing 
degeneration in the form of granular disintegration 
and discontinuous beading (3 wk., «235). 


3. Superior cervical ganglionectomy. Five 
rabbit eyes were examined after methylene 
blue vital staining (killed at intervals of 2.5, 
5.75, 6, 10, and 13 weeks), and one animal 
was killed four weeks after surgery and the 
eyes stained by the silver methods. 

Axons in various stages of degeneration 
were observed in the meshwork in every 


preparation (figs. 14, 15, 16, 17, and 18). 


Fig. 13 (Holland, von Sallmann, and Collins) 

A very thin, finely beaded, regenerating axon 

emerging from the large bundle of degenerating 

nerves below, and coursing the Schwann 
sheath above (4 wk., *1,100). 


along 


Fig. 12 (Holland, von Sallmann, and Collins). 
Higher-power view of part of Figure 10,.showing 
a collateral branch of fragile, beaded, regenerating 
axons (4 wk., x700). 
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Fig. 14 (Holland, von Sallmann, 
and Collins). Degenerating nerve 
bundles consisting mainly of sheath 
and fragmented axons (5.75 wk., 


285). 


Fig. 15 (Holland, von Sallmann, 
and Collins). Higher-power view 
of part of Figure 14, showing 
Schwann sheath, prominent Schwann 
nuclei, and a thickened, varicose, 
fragmented axon (1,300). 


Fig. 17 (Holland, von Sallmann, and Collins). 
Above: an empty Schwann sheath. Below: a larger 
fiber, showing degenerative changes. Arrow indi- 
cates a detached axonal fragment (13 wk., « 145) 


most totally degenerated nerve fiber in the center 
Fig. 16 (Holland, von Sallmann, and Collins). of the field; the bundle above this is less severely 
Lower-power view of trabecular area. A large al- affected (13 wk., x110). 
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Fig. 18 (Holland, von Sallmann, and Collins). 
The axons in the upper right field are thickened, 
varicose, and fragmented (4 wk., « 385). 


The morphologic characteristics of the de- 


generating fibers was the same as reported 
in the animals subjected to ciliary gangli- 
onectomy, except that the lesions were much 


less extensive. The eyes examined six weeks 
after surgery seemed best suited for the 
study of degenerative changes. Although it 
was not difficult to demonstrate degenerating 
nerve fibers in the meshwork, the over-all 
density of innervation (including both nor- 
mal and degenerating fibers) did not appear 
to be diminished appreciably by this pro- 
cedure. Only a few regenerating axons were 
observed (fig. 19). 


Fig. 19 (Holland, von Sallmann, 
and Collins). A pair of regenerat- 
ing axons arising from a large 
bundle containing thickered, vesicu- 
lated, fractured fibers. Arrow indi- 
cates a delicate, thin, beaded, re- 
generating collateral branch (6 wk., 


1,120). 


CHAMBER ANGLE 215 

4. Trigeminal neurotomy. Four eyes of 
this group were stained vitally with methyl- 
ene blue. Two of these were bisected, and 
one half of the eye reserved for silver im- 
pregnation, thus affording the opportunity 
of comparing both techniques on the same 
eye. A supravital methylene blue stain was 
done on one of the eyes, and the eyes of 
another animal were prepared for silver 
staining. The rabbits were killed: two at 
two and one-half, two at four, one at five, 
and one at six weeks postoperatively. 

After severing the postganglionic nerve 
fibers of the fifth nerve intracranially, ex- 
amination of the trabecular meshwork re- 
vealed axons in various stages of degenera- 
tion (figs. 20, 21, and 22). In the completely 
all of the corneal 
nerves, as well as many axons in the tra- 


neurotomized animals 


becular meshwork and iris, were seen to be 
in some phase of degeneration. The incom- 
pletely neurotomized animals tended to show 
fewer degenerating fibers. Despite the pres- 
ence of such fibers, the over-all density of 
innervation of the meshwork did not appear 
to be definitely reduced. Scattered regenerat- 
ing fibers were also noted (figs. 23 and 24), 
and often degenerating branches from cor- 
neal nerves could be traced to the trabecular 
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Fig. 20 (Holland, von Salimann, 
and Collins). A degenerating nerve 
bundle with stained sheath, promi- 
nent Schwann cell nuclei, and 
axonal thickening and fragmenta- 
tion. An adjacent isolated Schwann 
sheath and nuclei in the upper right 
field, and delicate, beaded, regen- 
erating fibers in the lower left field, 
coursing from the large bundle 


(4 wk., x417). 


Fig. 21 (Holland, von Sallmann, 
and Collins). Axonal thickening, 
fractures, and varicosities along- 
side relatively well-preserved fibers 


(2.5 wk., 1,200). 


Fig. 22 (Holland, von Sallmann, 
and Collins). Large nerve bundle 
containing axons in several stages 
of degeneration, which gives a col- 
lateral branch to the trabecular 
area before entering the cornea. 
The degenerating trabecular branch 
shows axonal thickening, vari- 
cosities, and fractures (4 wk., 
235). 
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Fig. 23 (Holland, von Sallmann, and Collins). 
A higher-power view of a portion of Figure 25. 
Several delicate regenerating axons near a de- 
generating fiber, the latter consisting mainly of a 
sheath and axonal fragments. Note the convolution 
of the regenerating fiber on the right side of the 
field (5 wk., 1,650). 


region (fig. 25). The characteristics of the 
degenerating and regenerating fibers were 
the same as mentioned in the other experi- 
mental groups. In general, the eyes examined 


four to six weeks following trigeminal neu- 
rotomy appeared optimal for detecting de- 
generation. 


DISCUSSION 


The evidence reported in this study 


strongly suggests that the axons represented 


Fig. 25 (Holland, von Sallmann, 
and Collins). A degenerating 
trabecular branch from a_ nerve 
supplying the cornea. The latter 
shows thickened, fractured, and 
varicose axons. Higher-power view 
of degenerating trabecular branch 
in Figure 23. Also shows regenerat- 
ing fibers (5 wk. 143). (C) 
Cornea. (Tr.) Trabecular region. 


Fig. 24 (Holland, von Sallmann, and Collins). 
Degenerating axons showing fragmentation and 
thickening alongside a delicate, finely beaded, re- 
generating fiber (4 wk., 1,380). 


in the trabecular meshwork come from at 
least three sources, namely, the sympathetic 
(via the superior cervical ganglion), and 
parasympathetic (via the ciliary ganglion) 
divisions of the autonomic nervous system, 
and from the fifth cranial nerve. Before at- 
tempting an estimate of the relative propor- 
tion of fibers contributed by these com- 
ponents, it is first necesary to consider some 
of the great limitations involved. 

The material studied did not lend itself 
to the quantitation of the degenerating axons 
present because of the complicated arboriza- 
tion of the nerve fibers in various planes of 
the trabecular meshwork. Even a rough ap- 
praisal of the relative proportion of the vari- 
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ous participating fibers presents substantial 
difficulties because of the following addi- 
tional considerations. 

It is not possible to section all post- 
ganglionic axons of sympathetic and para- 
sympathetic ganglia which 
fibers to the eye. It is well known, for ex- 
ample, that accessory sympathetic* and para- 
sympathetic ganglia® exist in the rabbit. In 
this case, then, excision of the superior cervi- 


supply nerve 


cal and ciliary ganglia would represent an 
incomplete removal of the respective post- 
ganglionic nerve fibers. Nonetheless, extir- 
pation of these two ganglia probably will 
irradicate the larger part of the autonomic 
nerve fibers to the eye. 

The ciliary ganglion in the rabbit may lack 
a sympathetic root® but there is fairly good 
agreement in the literature that the long 
ciliary nerves send fine branches through the 
ganglion. Thus, excision of the ganglion is 
accompanied by sectioning of some fifth 
nerve fibers; however, since the number of 
these fibers is relatively small, this does not 
constitute a serious objection, and the gangli- 
onectomy can be considered as essentially 
interrupting parasympathetic pathways. 

Similiarly, sympathetic fibers to the eye 
course in the nasociliary branches of the 
trigeminal nerve, so that sectioning of the 
fifth nerve 
somatic fibers. However, the trigeminal neu- 


may not exclusively remove 
rotomy was located just distal to the gas- 
serian ganglion, as corroborated by post 
mortem and histologic examination, whereas 
the sympathetic fibers to the eye (in pri- 
mates®**®) join the ophthalmic branches an- 
terior to the site of section; that is, at the 
level of the carotid-cavernous sinus plexus. 
It has not been shown clearly whether or not 
the pertinent anatomic details described in 
primates apply to the rabbit.*"'* Thus, the 
possibility cannot be excluded that some 
sympathetic fibers associate with the gasser- 

*E. S. Perkins, in a recent publication (Brit. J. 
Ophth.41 :257, 1957), suggests that the sympathetic 
fibers in the rabbit may join the ophthalmic branch 
as far anteriorly as the orbital fissure. 
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ian ganglion or enter the fifth nerve proxi- 
mal to it. Under these conditions the fibers 
would be severed at the site of the neu- 
rotomy. 

Another complicating factor concerns the 
phenomenon of collateral regeneration. 
Briefly this means that in a partially de- 
nervated region regenerating axons may 
arise from the adjacent normal nerves and 
grow into the denervated area, in an attempt 
This 
phenomenon has been observed to occur in 


both 


Hence, removing the source of one component 


as it were to restore the inervation. 


12-15 


sensory and motor nerve fibers. 
of the regional innervation ; for example, the 
parasympathetic, does not imply that the 
other 


“morphologically quiescent.” 


fibers will remain 
Weddell’® has 


shown, for example, that after sectioning 


component nerve 


some of the corneal nerves in one quadrant 
of the cornea, the other apparently undis- 
turbed nerves send regenerating fibers to the 
denervated region. These new fibers eventu- 
ally disappear as regenerating axons from 
the severed nerves re-enter the cornea; be- 
cause of this phenomenon it might be diff 
cult to judge the relative contribution of one 
component to the total innervation of an 
area. 

It might also be mentioned at this point 
that the optimal uniformity of staining from 
preparation to preparation was difficult to 
achieve. This factor added to the difficulties 
in evaluating nerve depletion. 

It is evident, then, that not more than a 
rough estimate can be made of the degree to 
which the parasympathetic, sympathetic, and 
fifth nerve fibers participate in the innerva 
tion of the trabecular meshwork. In compar 
ing the results in the three groups it appears 
likely that many of the nerve fibers present 
in the meshwork are parasympathetic in 
origin, and that a smaller number arise from 
the trigeminal and sympathetic nerves. To 
determine whether there is a bona fide dif 
ference in the relative proportion of fibers 
contributed by the sympathetic and trigemi 
nal nerves would require a larger series of 
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animals and different experimental ap- 
proaches. 

It should be emphasized that in contrast to 
the appearance of the angle in eyes sub 
jected to opticociliary neurotomy, the over 
all density of innervation was not strikingly 
diminished in the three procedures of selec- 
tive denervation ; many axons remained well 
preserved under these experimental condi- 
tions. Furthermore, even if it had been pos- 
sible to carry out all three procedures on a 
single animal, it would seem that the com- 
bined axonal depletion would not equal that 
seen in a totally denervated eye. 

This relative preservation of the over-all 
density of trabecular innervation could have 
been caused by a combination of several fac- 
tors: It is poss ble that nerve fibers of other 
origin are represented in the meshwork, but 
available anatomic knowledge does not sup- 
port this idea.*:*"* Regeneration, especially 
collateral regeneration, makes it difficult to 
detect a diminution in nerve density; how 
ever, this phenomenon was not observed fre- 
quently enough to provide a satisfactory ex 
planation. 

It is most plausible, then, that the acces- 
sory ganglia play a greater role in the auto- 
nomic innervation of the rabbit eye than 
hitherto suspected. The works of Peschel*® 
and Jegerow® amply illustrate the presence 
of these small, though numerous, ganglia. 

To clarify the latter point it would be de 
sirable to combine all three denervation pro 
a difficult feat 


future work dealing 


cedures in the same animal, 
to accomplish. Also, 
with the origin of trabecular axons might 
profitably be done on primates where the 
problem of accessory ganglia is minimized. 

The observation that many of the trabecu 
lar axons appear to be parasympathetic in 
origin does not necessarily imply that they 


are efferent fibers. In fact, Mitchell'’ states, 


“Vascular and visceral structures are sensi- 
tive to adequate stimuli. Pain, pressorecep- 
tor, chemoreceptor, and other centripetal im- 
pulses arise in the heart, vessels, and other 
visceral structures, yet many still adhere to 
the misconception of the autonomic as a 


purely efferent system.” 


SUMMARY 

1. In an attempt to ascertain the origin of 
trabecular nerve fibers the following series 
of denervation experiments were carried out 
on albino rabbits: opticociliary neurotomy, 
superior cervical ganglionectomy, ciliary 
ganglionectomy, and trigeminal neurotomy. 

2. From the reported histologic observa- 
tions, it is concluded that the nerve fibers in 
the trabecular meshwork are derived from 
at least three sources, namely, the parasym- 
pathetic, sympathetic, and fifth nerve fibers 
to the eye. 

3. Comparison of neurohistologic ob- 


servations on the totally denervated eyes 
with those of each of the “selectively de- 
nervated” eyes revealed the following: 

a. Concurrent degeneration and regenera- 
tion of trabecular nerve fibers was consist- 
ently observed. 

b. The relative proportion of degenerating 
nerve fibers in the meshwork following these 
denervation procedures can be listed in de- 
creasing order: opticociliary neurotomy 
(total denervation), ciliary ganglionectomy, 
trigeminal neurotomy, or superior cervical 
ganglionectomy. 

4. The neurohistology of the trabecular 
innervation of a human eye stained intra 
vitally with methylene blue and examined 
as a whole mount is reported. 


Ophthalmology Branch (14). 
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DISCUSSION 


CARPENTER: For many years we 
have thought we knew the structure of the iris 
angle, including the elements of the individual 
trabeculae of the meshwork and their arrangement 
relative to the canal of Schlemm, the scleral spur, 
and the ciliary body. We have had a clear picture 
of Schlemm’s canal and the collector channels 
connecting it with the intrascleral venous plexus. 
We have long been aware also of variations in the 
anatomic arrangement of this region in different 
animal species 

The sum total of our knowledge has indicated 
quite clearly that this region is concerned with 
aqueous outflow and hence with the intraocular 
pressure, but juestion has been 
raised as to whether the trabeculae of the mesh- 
work play an active or a passive role in relation 
to intraocular pressure 

The first step toward an answer to this question 
would seem to have been the anatomic demonstra- 
tion of nerve endings in the trabecular meshwork. 
It is usually safe to assume that structures do not 
exist without reason. One must assume that if the 
meshwork plays a role other than that of an inter- 
posed fine-meshed sieve through which the aqueous 
must filter to reach Schlemm’s canal, then the 
presence of nerve terminations means that either 
the trabeculae act as a pressoreceptor or they 
function directly as a regulator of outflow, or both 
The analysis of the source of these nerve termina- 
tions therefore becomes a matter of importance 
in understanding the functional role of this region. 

I suspect we are all aware of the technical 
difficulties which had to be mastered to achieve 
the results presented here. Except in expert hands, 


Dr. Russet L 


increasingly the 


the staining methods employed can be most 
capricious. Neither are the problems simple which 
are encountered in accomplishing selective denerva 
tion of the eye. It is therefore a matter for some 
slight commisseration (and puzzlement) that clear- 
cut results did not ensue from the clear-cut design 
of the experiments. 

In those experiments involving complete optico- 
ciliary neurotomy, the fact that one week later 
only a few axons were seen in the trabeculae—and 
these few in stages of degeneration—is understand- 
able in view of the general condition of the eye 
resulting from the severe surgical procedure. De- 
generation could be expected to proceed at maxi 
mum rate 

It is difficult to understand why, in the denerva- 
tion experiments which selectively eliminated axons 
to the bulb from the ciliary ganglion, the superior 
cervical ganglion, and the gasserian ganglion, re- 
spectively, the effects noted in the trabecular mesh- 
work were not more marked. The evidence seems 
clear that all three contribute nerve fibers to the 
trabeculae. Why, then, were there not evident in 
the preparations either an appreciable reduction in 
the number of axons or else very numerous de- 
generating fibers? 

The authors suggest several possible explanations. 
One is the presence in the rabbit of accessory 
autonomic ganglia, the postganglionic axons of 
which would have been spared by the experimental 
procedures. Accessory ganglia are not peculiar to 
the rabbit; in the human, ganglion cells occur 
along the course of the ciliary nerves, in the 
scleral canals, and even in the ciliary body. De- 
spite their not infrequent occurrence, they probably 
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their entirety 
parasympathetic supply 

It would be useful t 
is true of the rabbit. Serial section counts of the 
number of ganglion cells compared to 
the number in the ciliary ganglion itself could be 
made and might be well wort! 


constitute in a minor portion of the 


know to what extent this 


accessory 


while 

The possibility of collateral regeneration having 
the 
area during the interval between experimental sur- 
gery and a study of the meshwork appears to be 
ruled out by 
ployed. If 
surely it 


occurred extensively enough to re-innervate 


varying intervals em- 
had occurred, 
evidenced more fre- 


reason of the 
extensive 
would have 
quently in the preparations 

Another 
extent to 
from the 


regeneration 


been 


namely, the 
sympathetic fibers 
the 
companying the branches of the ophthalmic artery 
These would spared in all 
the optico-ciliary neurotomies 


might be raised, 
rabbit 


cavernous plexus reacl 


question 
which in the 
eye by a 
have been cases save 

It seems clear from these experiments that an 
appreciable j the trabeculae 
course in the short ciliary nerves from the ciliary 
ganglion, but the 
have pointed out, visceral afferent fibers 

I would like to ask whether it would be possible 
in any of the preparations to study the trabecular 
endothelium for signs of trophic disturbances re- 
fibers. It 
tonometric measure 


number oft axons to 


these may well be, as authors 


sulting from interruption of afferent 
might also be asked 


ments of intraocular 


whether 


pressure following each of 
procedures might 


axons im the 


the various types of denervatior 
give indication of what 
trabeculae are d ing there 


some these 


e fact that it is very 
easy to suggest experiments for someone else to do 
I am sure 
further 


t} 


This points up, of course, 


authors will 
innervation 


that we all hope these 


continue studies on the 


their 


THE EFFECTS OF 


of the chamber angle, for their efforts so far have 
yielded a good harvest. 

Dr. Monte G. HoLitanp (closing): Dr. Carpen- 
ter has dwelt on certain points that I could not 
elucidate in the brief time allotted to me. One of 
the points he mentioned, which is brought out in 
the paper, is that there appeared to be a disparity 
between the totally denervated eye and the eyes 
subjected to procedures of partial denervation in 
respect to the total number of nerve fibers present, 
that is, the over-all density of innervation. 

After total denervation there was almost a com- 
plete absence of nerve fibers. After ciliary ganglion- 
ectomy there was some diminution. Following the 
other two procedures it was difficult to be sure 
that there was any appreciable change in the total 
nerve density 

The possibility that accessory ganglia may ex- 
plain the relative preservation of nerves in this re 
gion still seems to be one which deserves further 
investigation 

In regard to changes in the trabecular region 
following denervation—we did not any 
atrophic changes in the trabecular fibers themselves. 
There were from time to time of the 
possible presence of reactive cells to the degenerat- 
ing nerve fibers, but it was difficult to be sure of 
this because there were often blood cells present. 
However, in general there was no change notice- 
able in the the trabeculae them- 


observe 


indications 


appearance of 
selves 

Finally, the physiologic implications of this study 
should be left properly to the physiologists. This is 
part of a broad study undertaken by Dr. von Sall- 
mann and his co-workers on the relationship of 
nervous structures to the regulation of the intra- 
ocular pressure. We did not perform any physio- 
logic measurements, but we hope this will be done 
in the future 


SUCCINYLCHOLINE ON THE EXTRAOCULAR 


STRIATE MUSCLES AND ON THE INTRAOCULAR PRESSURE* 
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Grimes, B.A. 
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INTRODUCTION 


It is known that succinylcholine and de- 
camethonium cause striate muscle relaxation 
in some species and contraction in others.* 
1951° that 
malian muscle which normally was not stim- 


Zaimis demonstrated in mam- 


* From the Ophthalmology Branch, National In- 
stitute of Neurological and Blindness, 
National Institutes of Health, Public Health Serv- 
ice, Department of Health, Education, and Welfare 


Diseases 


ulated by decamethonium would go into con- 

after the had 
Both acetylcholine 

camethonium are depolarizing agents and the 


tracture muscle been de- 


nervated. de- 
effect of decamethonium is similar to that 
reported by Brown in 1937" for the action of 
acetylcholine on mammalian striate muscle. 
In 1941, Brown and Harvey* found that the 
extraocular striate muscles would first pro- 
ceed into a tetanic contraction and then into 


a contracture with increasing doses of acetyl- 
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choline even though the muscles had not been 
previously denervated. It thus appeared that 
the extraocular striate muscles of the mam- 
malian eye reacted to depolarizing agents in 
a manner similar to that of other striate 
muscles after denervation. 

Hofmann and Lembeck® observed a con- 
tracture of the superior oblique muscle of 
the dog after the administration of either de- 
camethonium or succinylcholine. Hofman 
and Holzer* later reported a rise of intra- 
ocular pressure in human volunteers by the 
use of succinylcholine. Drucher,’ however, 
found that decamethonium induced no eye 
pressure changes in his series of unanes- 
thetized human volunteers. The elevation of 
intraocular pressure induced by succinyl- 
choline in the cat was ascribed by Lincoff 
et al.’ to an increase of extraocular striate 
muscle tension. 

The present study represents a further 
attempt to elucidate the mechanism by which 
the intraocular pressure, in cats, is increased 
by succinylcholine and to also determine the 
type of muscle response evoked. The correla- 
tion between changes of tension of the extra- 
ocular muscles and changes of intraocular 
pressure were studied by recording simul- 
taneously the intraocular pressure of one 
intact eye and the tension of extraocular 
muscles from the other eye in an animal fol- 
lowing intravenous injection of succinyl- 
choline. Study of the mechanism by which 
succinylcholine increases tension of the ex- 
traocular muscles was approached by record- 
ing, concurrently, the tension itself, the elec- 
trical activity elicited by the drug and the 
responses produced in the muscle by stimu- 
lation of its motor nerve. Since this study 
was completed, Lincoff et al.* have reported 
data similar, in great part, to those reported 
here. 

METHODS EMPLOYED 

Young adult cats were used in these 
studies. The animals were either anesthetized 
with chloralose (20 mg./cc. 70 percent alco- 
hol) 2.0 cc./kg. intraperitoneally, or decere- 


PATRICIA A. GRIMES 


brated. In the latter case, decerebration was 
performed under ether anesthesia; at least 
one hour was allowed to elapse before meas 
urements were made on the eye muscles. 
Tension and electrical activ ity were recorded 
from the inferior oblique muscle. 

For this purpose, the eye on one side was 
eviscerated, and the tendon attachment of the 
inferior oblique muscle at the eye was sev- 
ered, The third nerve could then be easily 
found and traced coursing from the muscle, 
close to the ciliary ganglion. The nerve was 
sectioned at its proximal end and used for 
indirect stimulation of the muscle. 

In this procedure, the globe was ligated as 
far back in the orbit as possible and sec- 
tioned. This allowed ample space for the 
placement of both the stimulating electrode 
on the nerve as well as the pickup electrodes 
on the muscle, with minimal bleeding. Light 
mineral oil was periodically dropped over the 
exposed muscle and nerve to minimize dry- 
ing. 

Nearly isometric muscle tensions were 
measured by the use of a strain gauge and 
recorded on both a Sanborn Polyviso re- 
corder and on a cathode ray oscilloscope. 
Electrical activity of the muscle was ampli 
fied by means of a Grass AC preamplifier, 
monitored on the oscilloscope and photo 
graphed with a Grass camera. 

Injections were generally made through 
the left femoral vein that was previously 
cannulated with polyethylene tubing for this 
On left 
carotid artery was cannulated with a small 


purpose. occasions, the common 
“T” tube so that injections could be made 
into the artery without interfering with the 
flow to the 
pressure was recorded from the left femoral 


blood head. Systemic blood 
artery. In several experiments, venous pres 
sure was measured from the left external 
jugular vein. Blood pressure and venous 
pressure were recorded by the use of San 
born Electromanometers. 

Eye pressure changes were measured di- 
rectly by the insertion of a No.-27 hypo- 
dermic needle into the anterior chamber and 
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Fig. 1 Effects 


(Macri and Grimes) 


of graded doses of succinylcholine on the intraocular pressure. In- 


creasing doses of succinylcholine produce proportional increases of the intraocular pressure. Frequently, 


but not always, there is also produced an increase of venous pressure 


recorded by means of Statham transducers. 
The 


through a tracheal cannula. In most experi 


animals were artificially ventilated 


ments, the rate of indirect stimulation was 
at 1.0/sec.: the 
to that level which pr duced a twitch of the 


voltage used was adjusted 


muscle and a spike of submaximal amplitude. 


RESULTS 


Graded doses of succinylcholine, admin 
istered intravenously, produced proportional 
elevations of intraocular pressure (fig. 1). 
Minimal responses were obtained with doses 
of 0.005 mg./kg. and maximal responses 
with doses in the range of 0.1 mg./kg. 
D-tubocurarine in a dose of 0.1 mg./kg. was 
reducing the ey: 


capable of pressure rise 


brought about by 0.03 mg./kg. succinyl 
choline (fig. 2). 
In two animals, section of the four recti 


and two oblique muscles of one eye was 


found capable of reducing, to a great extent, 
the intraocular pressure effect of this agent 
(fig. 3). A small increase of venous pressure 


occurred simultaneously with the residual 


elevation of intraocular pressure. The rela- 
tionship of the venous pressure increment 
to the eye pressure effects v.as not deter- 
mined. 

These findings confirm those reported by 
Lincoff." 

Tension changes of the inferior oblique 
muscle due to succinylcholine were not modi- 
fied by section of the motor nerve. 

In 19 animals, electrical activity was led 
off from the inferior oblique muscle, indi- 
rectly stimulated through the third nerve, 
while simultaneously recording muscle ten- 
sion changes. Succinylcholine in doses of 
0.01 mg./kg. generally produced small in- 
creases of muscle tension (fig. 4) simultane- 
ous with a small increase of intraocular pres- 
sure in the contralateral eye. Asynchronous 
electrical activity usually present at rest was 
increased in both rate and amplitude. Muscle 
twitch and evoked electrical discharge in- 
duced by indirect stimulation was unaffected 
at this dose level (fig. 5). 

Succinylcholine in doses of 0.05 mg./kg., 
as with the lower dose, produced a burst of 
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Fig. 2 (Macri and Grimes). Effect of d-tubocurarine on the intraocular pressure responses of succinyl 
choline. The administration of d-tubocurarine during the peak rise of intraocular pressure induced by 
succinylcholine quickly lowers the pressure back to normal levels. Subsequent doses of succinylcholine 
produce gradually increasing elevation of the intraocular pressure, approaching that obtained prior to the 
administration of d-tubocurarine. Increasing response of the intraocular pressure represents the gradual 
elimination of the d-tubocurarine 


Fig. 3 (Macri and Grimes). Effect of resection of the extraorbital muscles on the intraocular pressure 
response to succinylcholine. Upper tracings indicate that the intraocular pressure elevation brought about 
by the administration of succinylcholine are markedly reduced after the extraocular muscles to that eve 
have been resected. Pressure recordings are in mm. Hg 
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Fig. 4 (Macri and Grimes). E/ 
fect of succinylcholine on intraocu 
lar pressure and the contralateral 
inferior oblique muscle tension. In 
traocular pressure increases syn 
chronously with an increase of the 
The 


blood 


muscle tension. responses of 
this agent on the 
vary. On occasions the blood pres- 
sure is elevated, as occurs in this 
record, on other 
pression is noted but in the major- 


pressure 


occasions a de 


ity no effects on blood pressure are 


found 


electrical activity synchronous with an in 
crease of muscle tension and an elevation of 
intraocular pressure in the other eye (fig. 6). 
The spontaneous activity, though usually 
sustained, was reduced in magnitude soon 
after the peak muscle tension was reached. 
On most occasions the spike and muscle 
twitch induced by third nerve stimulation 
were reduced (fig. 7) and on one occasion 
abolished. 

In doses of 0.1 mg./kg., succinylcholine 
markedly inhibited the muscle twitch as well 
as the spike elicited by nerve stimulation 
( fig. 8). As with the previous dose levels, 
this pharmacologic agent caused an initial 
burst of spikes concomitant with the other 
noted 


responses previously Asynchronous 


activity was short-lived. Several seconds 
after the muscle had attained its maximum 
tension, activity rapidly declined to an ab 
solute silence (fig. 9). 

In three experiments, electrical activity 
and tension of the gastrocnemius muscle 
were determined simultaneously while re 
cording the effects on the eye muscle and on 
intraocular pressure (fig. 10). Although the 
eelctrical discharge of the inferior oblique 
muscle occurred in the expected manner with 
intravenous administration of succinylcho- 
line, no activity of the gastrocnemius muscle 


could be recerded ( fig 11) 
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Fig. 5 (Macri and Grimes). Effect of 0.01 mg./ 
kg. succinylcholine, administered intravenously, 
m the inferior oblique muscle tension and evoked 
spike and muscle twitch due to stimulation of the 
third Upper tracing: Ordinate: height of 
spike elicited by nerve stimulation. Abscissa: time. 
This tracing indicates that the evoked potentials 
due to stimulation of the peripheral trunk of the 
third nerve were not affected by the administration 
of succinylcholine at this dose level. Lower trac- 
ings: Ordinate tension. Abscissa: time. 
The lower line represents the steady tension of the 
The points the transient 
increases of occurring during muscle 
twitches brought about by nerve stimulation and 
accompanied by corresponding spikes plotted in the 
upper record. A small increase of steady muscle 
tension can be with this dose of 
succinylcholine accompanied with a small alteration 
of the twitch tension. 


nerve. 


muscle 


muscle upper 


tension 


represent 
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Fig. 6 (Macri and Grimes) 


Synchronous response of the intraocular pressure, 
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SAA 


muscle tension, and 


electrical activity of the inferior oblique muscle brought about by the administration of succinylcholine 
(A) Photographic recording of the asynchronous electrical discharge of the muscle. Second line present 


in this photograph is muscle tension identical with that recorded on the Sanborn instrument 


Integrated 


activity was obtained by the use of a diode and condenser and represents in another form the electrical 


activity as shown in (A) 


Ses, 


Fig. 7 (Macri and Grimes). Effect of 0.05 mg./kg 
succinylcholine, administered intravenously, on the 
tension and evoked spike and muscle twitch due to 
stimulation of the third nerve. Plots as in Figure 5 
Upper tracing indicates that the evoked potentials 
due to stimulation of the peripheral stump of the 
third nerve was not appreciably affected by the 
administration of succinylcholine at this dose level. 
Lower tracing (lower line) indicates the increase 
of muscle tension induced by succinylcholine. The 
upper line shows the twitch tension induced by 
nerve stimulation to be but slightly altered by this 
dose of succinylcholine. Stimuli were submaximal 
at a frequency of one/second. 


— 


Fig. 8 (Macri and Grimes). Effect of 0.1 mg./kg 
succinylcholine, administered intravenously, on the 
inferior oblique muscle tension and evoked spike 
and muscle twitch due to stimulation of the third 
nerve. Plots as in Figures 5 and 7. Upper tracing 
indicates that the evoked potentials due to stimula 
tion of the third nerve were markedly depressed by 
the administration of succinylcholine at tl 
Lower tracing (lower line) shows the marked in- 
crease of muscle tension brought about by the drug 
itself. Upper line demonstrates the gradual abolition 
and return of the twitch response. Breaks in the 
tracings indicate a time lapse between adjoining 
recordings. Time from the beginning to the end of 
this figure was 12 minutes. Stimuli sub- 
maximai at a frequency of one/second. 


is level 


were 
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Fig. 9 (Macri and Grimes) 
inferior oblique muscle tensi 


Effect of 0.1 mg./kg. succinylcholine, administered intravenously, on the 
n and electrical discharge. Succinylcholine administered at the beginning of 


(A). Ten seconds elapsed between (A) and (B). (C) Calibration signal ; 50 p volts. Time of (A) is 4.8 


sect yds 


Succinylcholine administered through the 
0.001 


mg./kg., produced effects on muscle tension 


common carotid artery in doses of 
and electrical activity similar to those re- 
ported for 0.01 mg./kg. intravenous doses 
( fig. 12). 

The 


about by succinycholine administration was 


asynchronous brought 


discharges 
generally recorded in the form of spikes of 
less than 500 p volts, usually in the range 
of 100-200 p volts 


Although increasing 


doses of succinylcholine caused greater ten- 


sions on the extraocular muscle, very infre- 
quently did the tension, as measured, exceed 
a 10-gm. pull. 

The tension and electrical! response of the 
muscle, evoked by succinylcholine, appeared 
similar in both the chloralose-anesthetized 
and decerebrate preparations. 


DISCUSSION 


The results of the reported experiments 
confirm and perhaps extend previously avail- 
able information. Succinylcholine increases 
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Fig. 10 
omparison 
effects on the inferior 
gastrocnemius muscle, 
pressure, 


sure 


and systemic | 


It can be seen that succin 
choline produced an increase OI! 

intraocular pressure synchr 
with an increase of tensior 

inferior oblique muscle. No appre 
ciable effects can be noted on the 
gastrocnemius muscle. The 
larity of the tracing is due to 
fibrillatory movements of the ani 
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Fig. 11 (Macri and 
tivity of succinylcholine 
gastrocnemius muscles. (A) 
secutive recordings of the electromyograms of the 
(upper tracing) and of the 
Succinyl- 


Grimes). Comparative ai 
n the inferior oblique and 
(B) and (C) are con 


inferior oblique muscle 
gastrocnemius muscle (lower tracing). 
choline (0.05 mg./kg., intravenously) administered 
between (B) nad (C). An 
activity can be seen to occur only in the inferior 
oblique muscle. (D) Calibration signal—100 u volts 


Time (A) is 5.6 seconds 


increase of electrical 


Fig. 12 (Marci and Grimes). Responses of the 
inferior oblique muscle to intra-arterially ad- 
ministered succinylcholine. (A, B, and C) Con- 
secutive tracings. Administration of 0.001 mg./kg. 
of succinylcholine into the common carotid artery 
of the same side produced effects on muscle tension 
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tension of the extraocular muscles and there- 
by produces an elevation of the intraocular 
pressure. Evidence for this conclusion is 
provided by (1) the parallel course of the 
change in tension of dissected extraocular 
muscles and of the intraocular pressure in 
the intact eye of a preparation following in 
travenous or intra-arterial injection of suc 
cinylcholine, (2) by the observation that in 
creases of intraocular pressure are largely 
abolished when changes of muscle tension 
are by the administration of 
d-tubocurarine, and (3) by the finding that 


when extraocular muscle effects on the eye 


prevented 


are prevented by section of the muscles, only 
minimal changes of intraocular pressure are 
noted. 
Consistent with this conclusion that the 
intraocular pressure following the adminis 
tration of succinylcholine is due to the de- 
velopment of tension in the striate muscle of 
the eye are the findings that pressure changes 
are largely independent from any effect of 
the drug on the systemic circulation. This 
was shown by the simultaneous recording of 
intraocular and blood pressures and is con 
firmed by that the ocular 


changes evoked by intravenous administra 


the observation 


tion of succinylcholine can be elicited also 
with injection of smaller doses into the ca 
rotid artery. 

Tension changes of the muscles were 
found not to be due to an action of the agent 
on the central nervous system, since the res- 
ponses were essentially not modified by sec 
tion of the motor nerve to the extraocular 
muscles. 

increase of tension of the extraocular 
muscles following succinylcholine adminis- 
tration is not necessarily accompanied by 
impulse activity of the muscle fibers. Follow- 
ing low doses, electrical activity can be led 
from the muscle throughout the period of 
increased tension, usually three to five min- 


similar to those obtained 
of 0.01 mg/kg. (D) 
Time (A) is 5.6 seconds 


activity 


doses 


electrical 
with intravenous 
Calibration signal; 50 pv 


and 


: 


EFFECTS OF SUCCINYLCHOLINE 


With 


higher doses, however, only an initial burst 


utes, indicating tetanic contraction. 


of increased electrical activity is observed 


and all activity subsides shortly after the 


muscle has reached its maximum tension. 


For these high doses, the major portion of 
the 
ascribed not to a tetanic contraction but to 


tension increase should therefore be 
contracture of the muscle. In this respect, 
succinylcholine appears to exert an action 


similar to that described for acetylcholine. 
SUMMARY AND CONCLUSIOrS 


1. Succinylcholine produces an increase of 
intraocular pressure due to contraction of 


the extraocular striate muscles. 

2. Low doses of succinycholine produce a 
tetanic contraction of the extraocular striate 
muscles as evidenced by increased muscle ten- 
sion and electrical activity. Higher doses of 
this agent produce contracture of the muscles 
since electrical activity is lost but the tension 
is maintained. 
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DISCUSSION 


Dr. W. Morton Grant (Boston): This study 
of Dr. Macri’s on the effects of succinylcholine is 
most impressive to me for its techn’-7l excellence. 

Earlier work on the same subjec: by other in- 
vestigators has also been very good and seems to 
me to have already established satisfactorily that 
succinylcholine causes contraction of the extra- 
ocular muscles and thereby raises the intraocular 
pressure. Dr. Macri has not questioned the work of 
others, but, rather, he has given powerful support 
to its validity 

Dr. Macri has employed uncommonly elaborate 
and refined techniques of measurement and record- 
ing, and the results which he has presented in the 
figures of his article illustrate beautifully the effects 
of succinylcholine on the muscles and pressure of 


the eye. I can find nothing to criticize, but only to 
commend. 

Among the most notable features of the action 
of succinylcholine is that the contractile response 
is peculiar to the extraocular muscles; other skele- 
tal muscles respond in opposite manner by relaxing. 
It is interesting that this special response is in- 
duced by decamethonium as well as by succinyl- 
choline, and that these two molecules resemble each 
other in having a pair of quarternary ammonium 
groups linked together by chains 10 atoms in length. 
Similar compounds of shorter chain length are 
known to cause a transient decrease of intraocular 
pressure, rather than a rise. It would be interesting 
to know by direct measurements on the extraocular 
muscles to what extent these muscles are influenced 
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by the shorter homologues 

From the clinical standpoint it is 
the elevation of intraocular pressure induced by a 
single dose of succinylcholine is too brief to en- 
However, disastrous expul- 


evident that 


danger the intact eye 
sion of ocular contents is reported to have occurred 
when succinylcholine was administered during 
operation for removal of cataract 

It is interesting to speculate on the possibility of 
closing a narrow anterior chamber angle by con- 
tracting the extraocular muscles and thereby push- 
ing the lens-iris diaphragm forward. It is evident 
that time would be required for aqueous to be lost 
from the before the lens-iris 
diaphragm could come forward. In this regard it 


would be interesting to know how long the con- 


anterior chamber 
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traction of extraocular muscles can be sustained by 
continuous or repeated administration of succinyl- 
choline. 

Dr. F. J. Macnri should like to 
comment on two points Dr. Grant brought up. One 
is the effect of shorter homologues of decame- 
thonium. We have tried hexamethonium, which ex- 
hibits no activity whatever, In 1943 Brown did try 
acetylcholine, and he found that the activity of 
acetylcholine was identical to that presented here 
today. In low doses it does present a tetanic con- 
higher produces a 


(closing): I 


traction, while with doses it 
contracture 

We have not made any efforts in inducing sus- 
tained contractions with succinylcholine. All of our 


experiments were on an acute basis. 
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Because a small research society devoted 
to ophthalmology was formed in New York 
in the early 1920’s* and functioned success- 
fully for a number of years, the organization 
of a national association was contemplated 
with the additional plan of seeking the co- 
operation of the allied sciences on a national 
and international basis. With this in mind, 
letters were written to William L. Benedict, 
Arthur J. Bedell, Eugene M. Blake, William 
C. Finnoff, Harry S. Gradle, Alan Woods, 
Lawrence T. Post, A. Magitot in Paris, and 
Sir William Lister in London, All expressed 
interest in the proposed society. 

The senior ophthalmologists who encour- 
aged the development of the Association for 
Research in Ophthalmology included: Ed- 
ward Jackson, Walter B. Lancaster, Edward 
C. Ellett, Walter R. Parker, George E. de 
Schweinitz, William H. Wilmer, and William 
H. Wilder. These men appreciated the need 


*The membership included: David Webster, 
Henry Robertson Skeele, Martin Cohen, Mark J] 
Schoenberg, Edgar B. Burchell. and Conrad Berens 


for the formation of a new organization. Ac- 
cording to some of the men contacted, how 
ever, there were already too many societies 
requiring membership and enough of a 
forum was provided by the Section on Oph- 
thalmology of the American Medical Associa- 
tion, the American Academy of Ophthalmol- 
ogy and Otolaryngology, and the American 
Ophthalmological Society to make it unnec- 
essary and undesirable to have a separate 
research association. Lancaster in 1947 said, 
when he presented a silver bowl to Conrad 
Berens for his work in the organization and 
development of the Association for Research 
in Ophthalmology, “I well remember the 
difficulties that beset . . 
birth of the . (Association for Research 
in Ophthalmology). Active opposition could 


the conception and 


be met by argument but indifference is a very 
difficult thing to combat, and there was a lot 
of it. ... (Individuals) who would overcome 
indifference must be armed with faith and 
was Pasteur’s 
God-given, the 


enthusiasm. ‘Enthusiasm’ 


favorite word—‘Entheos,’ 
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divine product. And faith requires vision.” 

It was the belief of the younger ophthal 
mologists in the organizing group that oph 
thalmology should h-ve a closer affiliation 
with scientists in fields allied to ophthal- 
mology, such as physiology, bacteriology, 
psychology, physics, and illuminating en- 
gineering. Following extensive discussions 
an organization meeting was held in Wash- 
ington, D.C., on April 30, 1928, during the 
American Ophthalmological Society meeting, 
to which 50 members of that society were 
invited 

At the time of this meeting, 73 ophthal 
mologists had signified interest in the forma- 
tion of such a group. Dr. Conrad Berens 
acted as chairman pro tem of the meeting 
and William H. Wilmer 
porary president and Eugene M. Blake, tem- 


was elected tem 


porary secretary. After a nominating com 
mittee was appointed, William H. Wilmer 
was elected president, Conrad Berens, vice- 
president, and Eugene M. Blake, secretary. 

Two more organizational meetings were 
held in June, 1928, at the American Medical 
Association convention in Minneapolis. At 
this time the officers resigned because of 
some opposition to the slate and the younger 
members of the group voted to adopt an 
similar to that of 


organizational pattern 


the Association for Research in Nervous 
and Mental Diseases. There was to be a 
board of trustees and a commission. The 


board of trustees was to be composed of 
five members, elected for from one to five 
years and a new member then to be elected 
annually for a term of five years. The year 
after the chairmanship had been held by the 
senior trustee, he was automatically to be 
elected to the commission. This assured the 
interest of a somewhat older group of men 
who understood the aims of the association. 
The other members of the commission were 
appointed or re-elected annually because of 
their special association with the topics under 
discussion that year. In 1948, the constitu- 
tion was revised. The board of trustees now 
members, elected for six 


consists of six 
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years, with the secretary-treasurer serving as 
an ex officio member and the senior member 
of the board as chairman. 

The first commission, appointed on April 
30, 1928, included the following members: 


E. V. L. Brown 

W. Gordon Byers 

F. Phinizy Calhoun 
C. A. Clapp 

George S. Derby 
Edward C. Ellett 
Allen Greenwood 
Thomas B. Holloway 
Harvey J. Howard 
Lucien Howe 
Edward Jackson 
Arnold Knapp 
Walter E. Lambert 
Walter B. Lancaster 
S. Hanford McKee 
Walter R. Parker 
George E. deSchweinitz 
W. E. Shahan 

F. T. Tooke 

F. H. Verhoeff 
John M. Wheeler 
William H. Wilder 
William H. Wilmer 
William Zentmayer 


The first chairman of the board of trustees 
was Alan C. Woods. The board consisted of: 
William L. Benedict, William C. Finnoff, 
Harry S. Gradle, Eugene M. Blake, and 
Emory Hill. Dr. Arthur J. Bedell became a 
trustee in October, 1929. The first secretary- 
treasurer was Conrad Berens, a position 
which he held for nine years. He was fol- 
lowed in office by Cecil S. O’Brien. Later 
srittain F. Payne served as_ secretary- 
treasurer and, when he entered the Air Force 
during the second world war, the duties of 
the secretary-treasurer reverted to Berens. 

The the 
carried on before and since World War II, 
including James H. Allen and Lorand V. 


activities of secretaries who 


Johnson, have been outstanding and have 
done much to add to the ever-growing pres- 
tige of the organization. 

The first meeting of the Association for 
Research in Ophthalmology was held during 
the American Medical Association conven- 
tion in Detroit, on June 24, 1930. The at- 
tendance totalled 135. It was decided to have 
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no set discussions at the meetings but that 
questions would be passed to the commission 
of older members, who would then relay 
them to the chairman who was usually one 
of the commission, for the speaker’s an- 
swers. 

At the first two meetings, the subjects dis- 
cussed were iritis and uveitis and the papers 
were helpful in crystallizing some of the 
ideas ‘at that time. The titles of some of the 
presentations were: “A review of the litera- 
ture on the etiology of acute iritis.” “Syphi- 
litic iritis,” ““The bacteriologic and immuno- 
logic aspects of iritis,” “Endogenous infec- 
tions in the etiology of acute iritis,” and 
“Evaluation of etiologic factors in acute 
iritis.” A few years later the policy of devot- 
ing an entire program to one subject was 
abandoned. 

In 1941, Derrick Vail stated in an edi- 
torial in THe AMERICAN JOURNAL OF OPH- 
THALMOLOGY that “the merit and worth of 
the association becomes increasingly appar- 
ent with each meeting and its position in 
ophthalmology is assured.” The Association 
for Research in Ophthalmology has enjoyed 
a close relationship with the editors of THE 
AMERICAN JOURNAL OF OPHTHALMOLOGY 
and has appreciated the co-operation of Ed- 
ward Jackson, Lawrence T. Post, and Der- 
rick Vail. It was Edward Jackson who first 
suggested that the papers presented before 
the association be published in THe Jour- 
NAL. Reprints were purchased from THE 
JourNat and then bound as the Proceedings 
of the association which has helped to keep 
the finances of the association in the black. 
In some instances publications were too ex- 
pensive for THe JOURNAL to publish in com- 
plete form and so certain funds have been 
expended for this purpose when it was felt 
that the research warranted special recogni- 
tion. Dr. William L. Benedict was the first 
editor and served with distinction for 15 
years. In 1950, it was decided to publish all 
the Research Association papers as a supple- 
ment to one issue of THE JOURNAL and thus 


the Proceedings became the 13th issue of 
THe AMERICAN JOURNAL OF OPHTHAL- 
MOLOGY. 

In 1955, another project was contemplated 
in co-operation with THe AMERICAN JouR- 
NAL OF OPHTHALMOLOGY, namely, a separate 
section on Ophthalmic Research, devoted 
to the work of the association and its sec- 
tions, and including abstracts of research 
papers. 

Expansion of the association’s activities 
was inevitable. It has not only sponsored an 
international organization for research in 
ophthalmology but has also organized five 
sectional groups, which meet annually in 
various parts of the country. The Eastern 
Section, which held its first organizational 
meeting in 1948, had an attendance of 88 
individuals at its 1956 meeting in New York. 
The other sections 
Western, and Southern. The 


include: East Central, 
Midwestern, 
organization and development of sectional 
meetings of the association have added 
strength and prestige to the work of the 
association. Many of the sectional meetings 
have not only made real scientific contribu- 
tions but have also facilitated the planning 
of the national programs. 

Moreover, the association now has three 
assistant secretaries, Harvey E. Thorpe, for 
sections of the United States; Clement Mc- 
Cullough for Canada; and Moacyr Alvaro 
for Central and South America. 

In 1953, invitations were extended to a 
number of eye organizations, both medical 
and lay, asking that representatives be sent 
to a joint meeting for the purpose of estab- 
lishing a central committee or council for 
research in eye diseases and the prevention 
of blindness, as well as to promote public 
relations and to disseminate information to 
the public. The outcome is that there is now 
a National Committee for Research in Oph- 
thalmology and Blindness, sponsored by the 
association. As early as 1937, the association 
aided certain research by grants-in-aid, for 


example, the study of the fiber content in 
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melanomas of the choroid at the Army Medi- 
cal Museum in Washington, D.C., by H. C. 
Wilder. 

The Association for Research in Ophthal- 
the the 
American Committee on Optics and Visual 


mology participates in work of 
Physiology by appointing three representa- 
tives and the members of the association’s 
board of trustees are research consultants to 
The Inc., 
which is associated for research with the New 
York Association for the Blind. 

The association has also been able to honor 


Ophthalmological Foundation, 


and pay tribute to many of its distinguished 
members and others contributing to research 
in ophthalmology. In 1937, the association 
was requested by the Saint Louis Society for 
the Blind to nominate the recipient of the 
Gold Medal 


work in the prevention of blindness. The 


Leslie Dana for outstanding 
medal was presented several times at the 


annual luncheon meeting of the Association 


for Research in ¢ phthalmology. 
In 1947, the Proctor Medal Fund was 


established by Mrs. Proctor in memory of 
Dr. This 
awarded for continued meritorious research 


Francis I. Proctor medal is 
in the basic sciences as applied to ophthal 
mology. Recipients of the Proctor Medal 
Jonas S. Phillips 
Thygeson, Ludwig von Sallmann, V. Everett 
Kinsey, Kenneth C. Swan, David G, Cogan, 
George Wald, W. Morton Grant, and Nor- 


man Ashton for this year. 


include: Friedenwald, 


Recently, the Friedenwald Memorial Com 
mittee was appointed. This group was re- 
quested by the officers of the association to 
establish a fund, provided by friends and 
admirers in honor of the late Jonas S. Fried 
enwald, for recognition of young men per- 
forming outstanding research in ophthal- 
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mology. John Harris received this honor for 
the past year. 

The association has grown from 108 mem- 
bers in 1930 to approximately 970 in 1957. 
During the time that the Association for 
Research in Ophthalmology has been in 
existence, real progress has been made in 
controlling many of the blinding eye diseases, 
such as ophthalmia neonatorum, trachoma 
(at least in the United States of America), 
retrolental fibroplasia, hereditary eye dis- 
eases. Some progress is also being made in 
the understanding of cataract and glaucoma. 
The written records of the association testify 
that this association has played an active part 
in this great work, as well as in many other 
fields of ophthalmology. 

Let us hope that we of this association will 
never rest peacefully until all preventable 
blindness is eliminated and all eye conditions 
and diseases which cause discomfort and dis- 
ability shall have been conquered. 

Those of us who had the privilege of par- 
ticipating in the founding of the Association 
for Research in Ophthalmology and in its 
incorporation on July 20, 1936, in the State 
of New York, are justly proud of it and its 
continuing growth. One of the principal 
reasons for the achievements of the associ- 
ation is that the governing body—the board 
of trustees—is not a self-perpetuating group 
and its members are energetic active leaders 
in ophthalmology and the allied sciences. If 
the past is prologue, the future promises 
magnificent accomplishments. 

708 Park Avenue. 
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We wish to thank Dr. William L. Benedict and 
Dr. Lorand V. Johnson for their co-operation in 
the preparation of this history. 
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BUSINESS SESSION 


The annual business meeting of the Association 
for Research in Ophthalmology, held in conjunction 
with the 26th annual meeting of the association, at 
the Park-Sheraton Hotel, New York, New York, 
on Wednesday, June 5, 1957, convened at 3:15 P.M., 
Dr. T. E. Sanders, chairman, presiding. 

CHAIRMAN SANbeRS: First, we will have the 
report of the secretary-treasurer. 

SecreTary Loranp V. JoHnson: Since the com- 
plete audit of the finances of the association is 
printed with the Supplement, I will take time today 
to give you only a brief summary. 

Our fiscal year ends December 31st. As of De- 
cember 31, 1956, expenditures for the year were 
$5,364. The balance in the bank on January 1, 
1957, was $7,218. The balance for the prior year 
was $2,590, which means a net increase in our 
treasury for the year 1956 of $4,627. 

CHAIRMAN SANpeRS: I think it apppropriate 
at this time to call the attention of the audience 
to the fact that the Friedenwald fund is now in 
existence. There has never been any published 
solicitation for funds prior to the first Friedenwald 
lectureship, which you all heard yesterday. There 
is some $5,800 in this fund. Any of you who 
wish to contribute are welcome to do so, and the 
fund is now open for solicitation. Dr. David Cogan 
is chairman of the Friedenwald fund, and any 
contributions may be sent to him. 

We will have the auditor’s report. Dr. Newell. 

Dr. Frank W. Newer: The auditing com- 
mittee, consisting of Dr. McGavic and myself, in- 
spected the auditor’s report and believe it reflects 


accurately the financial condition of the association, 
and recommends its acceptance. 

I move its acceptance. 

[The motion was duly seconded, was put to a 
vote, and was carried unanimously. |] 

CHAIRMAN SANDERS: We will have the report 
of the trustees, Dr. Romaine. 

Dr. Hunter H. Romarne: Mr. Chairman and 
gentlemen, the trustees have suggested the possi- 
bility of an interim meeting to be held in the winter, 
in order to take some of the stress off the present 
very crowded meeting of the AMA session. This 
is only tentative, but it is brought to your attention 
for consideration. 

The report of the nominating committee is as 
follows : 

For trustee, Dr. Alson E. Braley 

For secretary-treasurer, Dr. Lorand V. Johnson. 

For honorary membership, Dr. Ludwig von Sall- 
mann. 

CHAIRMAN SANDER: Thank you, Dr. Romaine 

Gentlmen, you have heard the report of the 
trustees. Is there a motion? 

Vorce: I move the report be accepted 

[The motion was duly seconded, was put to a 
vote, and was carried unanimously. | 

CHAIRMAN SANpDeRS: I might say that I think 
the association owes its thanks to Dr. Romaine for 
the splendid job he has done as chairman of the 
local arrangements committee for this particular 
meeting. 

If there is no further business, we are adjourned 
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To the Members of The Board of Trustees 
Association for Research in Ophthalmology, Inc. 
Cleveland, Ohio 


Dear Sirs: 


I have examined the cash basis accounting records for the Association for Research in Ophthalmology, 
Incorporated, as of December 31, 1956, and the related transactions of receipts and disbursements for the 
year then ended. The examination was made in accordance with generally accepted auditing standards and 
included such tests of the accounting records and such other procedures as I considered necessary in the 


circumstances 


Despite the fact that no confirmation of dues in arrears was made directly with the members, in my 
opinion the accompanying statements present fairly the fund balances of the Association for Research in 
Ophthalmology, Incorporated as of December 31, 1956, and the receipts and disbursements for the year 
then ended, in conformity with generally accepted cash basis accounting principles and applied on a basis 


consistent with that of the prior year. 


Very truly yours, 
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Martin C, BLAKE. 
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CASH AND SECURITIES IN FUNDS 


GENERAL Proctor 
FuND MepAL Funp TOTAL 
$ 2,590.19 $ 2,590.19 


Cash 12/31 
Cash 12/31 


. 4,627.95 -O— $ 4,627.95 
$10,184.63 10,184.63 


Increase .. 
Securities 
ToraL: Cash & Securities as of 12/31/5 $17,402.77 
GENERAL PRocTOR 
FuND Mepat Funp TOTAL 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
For Year Ended December 31, 1956 


Cash Balance on January 1, 1956 $ 2,590.14 


Add -Receipts 
Prior Years’ Dues: 
60 Active Members @ $5.00 ..... .... .$300.00 


10 Educational Members @ $2.00 20.00 
2 Educational Members @ $3.00 


1956 Dues [see below] 
1957 Dues [see below] 
Banquet Proceeds 

Bond Interest 

Friedenwald Memorial Fund 


$12,582.39 
Deduct—Disbursements 


Convention Expenses : 


Expenses—Secretary-Treasurer rahe 25 1,453.13 


Publication—AMERICAN JOURNAL OF OPHTHALMOLOGY, 1956 
Stationery, Supplies, Printing 

Insurance—$5,000.00 Bond—Secretary-Treasurer 

Bank charges .... 

Telephone 

Secretarial Assistance 

Meeting of Board of Trustees in June, October—Breakfast . 


Balance as of December 31, 1956 
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2:00 
... 7,877.00 
388.00 
625.00 
250.00 
526.25 
Programs, Notices, Tickets, etc 578.13 
1,000.00 
353.97 
12.50 
1.00 
154.75 
. 1,425.00 
150.00 
46.40 
Contributions ..... ane 200.00 
Deposit on Banquet Hall for June meeting 1957 .... 100.00 
Proctor Medals [3] . 437.50 
$ 5,364.25 
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1957—Provisional 


1957 


1956 


1954 


1953 


1952 


1951 


1950 
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1 Sustaining @ $60.00.................. 
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